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1.0 INTRODUCTION 


Since 1983, LGL Ecologics] Research Associates, Inc. (LOL) ins 
conjunction with Texas AGM University (TAMU) has been conducting a study 
of the contisental slope of the sorthers Gulf of Mexico for the Gulf of 
Mexico Regional Office of the Minerals Managesent Service (MMS). The 
overall objective of the progras is to deveiop a basic knowledge of the 
seep Gulf fauna, their environment, and ecological processes in advance of 
extensive petroleum development. 

Prior to initiation of this study, MMS bad funded Ter%co Corporation 
Inc. to synthesize all available environmental information for the Gulf 
Slope. The resulting report (Pequegnat 1983) described and interpreted 
information through 1982, and, in large part, served as the basis for 
formulating the objectives of the preseut programs. The Pequegnat (1983) 
document thus provided the background or baseline data against which the 
information gathered by this study can be compared and evaluated. 


1.1 PROGRAM OBJECTIVES AND CONTENT OF THIS REPORT 


The specific objectives of the Gulf of Mexico Continental Slope Study 


(1) To determine the abundance, structure, and distribution of 
anigal communities in the deep-sea in the Gulf of Mexico. 


(2) To determine the hydrographic structure of the water 
column and bottom conditions at selected sites within the 
study area. 

(3) To determine and compare sedimentary characteristics at 
selected sites within the study area. 

(8) To relate differences in biclogical comaunities to 
hydrographic, sedimentary, and geographic variables. 

(5) Te assess seasonal changes in deep-sea biclogical 
comsunities ‘n terms of abundance, structure, aniaal size, 
and reproductive state. 

(6) To seasure present levels of hydrocarbon contamination is 
the deep-sea sediments and selected anisals prior to, and 
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is anticipation of, petroleum resource development beyond 
the shelf-slope break. 

(7) To assemble together and synthesize appropriate published 
and uopublisbed cata with the results of this s udy, 
Sugseariziog on & Seasonal and spatial basis all 
biclogical, babitat, and environsmgestal observations and 
parameters. 

(8) Teo compare the biclogical and sona-biclogical 
cbaracteristics of the deep Gulf of Mexico with that of 
other temperate and subtropical deep-sea regions. 

(9) To assess the need for, and determine the type of studies 
to be conducted is future progras efforts. 


Two additional objectives were sainly set during the first two years 
of the progras: 


i 
i 
i 
i 
i 
i 
l 
i 
(10) To conduct an effective quality assurance and quality J 
control program which insures that all data acquired are 
accurate and repeatable within standards normally required 
for each type of observation, seasuresent, or i 
Getermination. 
(11) To critically review, interpret, and analyze all i 
observations aud data acquired to redefine as necessary 
the research program in such a way as to avoid or sisisize J 
redundancy and to oprtratee the efficiency of all field, 
laboratory, and data sanagement operations for future J 
deep-sea studies sponsored by MMS in the Gulf of Mexico. 
i 
i 
i 
l 
i 


Activities during Years 1 and 2 were dedicated to field sampling and 
laboratory sagple analyses. Year 3 bas been dedicated to finishing the 
sample analyses, and compiling the data in usable and interactive format. 
The acquisition of data for seeting the stated objectives occurred 
over the course of five cruises, all conducted during the first two years 
of the program. Because of the small size and taxonomic complexity of the 
macrofauna, all of contract Years 1-3 (1983-1986), as well as a tine 
extension into 1987, were required to complete saaple analysis. This 


5 
report represents the first tige that all data have been available for 
analysis. 

The prigary goals of the Year 3 Annual Report wcre to (1) provide a 
Getailed description of all the field collection, laboratory analyses and 
Gata management methods that bave been used (this volume), and (2) provide 
a comprehensive summary, in bard copy, of all the Gata that were collected 
and that bave been submitted to NODC in specified tape report (Volume III 
Appendices). In the Year 4 Final Report, emphasis will be placed upon 
Statistical analyses, interpretation and reporting of the findings, and 
only summary Gescriptions of the sethods, and data detailed herein will be 
locluded in that report, sainly by reference. 

Iu this report we present results of some initial exploratory 
analyses, we purposefully provide little ia the way of interpretative 
comment. The Tear 3 Annual Report has, as an analogy, the results section 
of a standard scientific paper. Following the same analogy, discussion of 
the results in terms of program objectives will be the focus of the Final 


Report for Year 4. 


1.2 PROGRAM DESIGN AND INTEGRATION 


As discussed above, this report is a descriptive treatise, that say 
appear to the reader to be a curious collection of disjointed results. 
The purpose of this section is to clarify how the results will be 


integrated for the Final Report planned for Year 4. 


1.2.1 PROGRAM SAMPLING DESIGN 


The program saapling plan was structured to first (based upon 
sampling conducted on Cruises I, II, III (in part) and IV (in part) 
compare environmental and biological attributes of the slope, by depth, 
among planning regions (Eastern, Central and Western Gulf, for site saps 
see Panels A, B and C of Fig. 7, Section 2) between seasons (fall versus 
spring), and between yea: s (1983-88, 1984-85) by season (fall, spring, 
respectively) (Fig. 1). The depth selections were not random or evenly 
spaced down the slope but were rather the approxigate sid-points of 
previously-defined (Pequegnat 1983) biclogical depth assemblages or 
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Figure 1. Analysis design diagram for region, season and year comparisons based upon samples taken at 
selected depths. Each tick mark represents the sample locations in time and space. 
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*zones* (Fig. 2), samely (1) the Shel f-Slope Transitics Lone (150 to #50 
ws); (2) Serisos A of the Archibdesthal Zone (475-740 a); (3) Borizon 8 of 
the Archibestbhic Zone (775-950 a); (%) the Upper Abyssal Lone (975-2250 
ws); and (5) the Nesoabyssal Zone, Borizsos C (2275-2700 2). The purpose 
bere was sot to either prove or disprove the concept of sonation versus « 
continuations of change with depth, but rather to evaluste the predictive 
value of the Pequegnat (1983) somation schene. 

The same five stations on the Central Tramsect were sampled in fall 
1963, spring 1964 and fal1 196%. On the spring 1984 cruise, the sane 
Gepth intervals sampled on the Central Tramsect were sampled on both an 
Eastern and Western Gulf transect, and is spring 1985 the stations 
comprising the Eastern Transect were resampleé. The design thus allows « 
sequence of specific contrasts, proceeding from comparisons by region, to 
season withis regions, to year within season to depth patterns withis 
region, season and year. Our basic depth comparison strategy will be to 
first contrast the Shelf/Slope Transition station to the deeper slope 
stations. The sext basic division will be to contrast variables for 
stations located in depths shallower than 1000 = to those located deeper 
than 1000 =. This depth, or thereabouts, bas long been viewed as a sajor 
break in the slope environment as it is bere that light from the surface 
can no longer be distinguished and that temperature becomes uniforaly cold 
(<¢ 38°C). The last contrasts will be sade between the two depths 
corresponding to Pequegnat’s (1983) defined assemblages within the shallow 
(< 1000 a) and deep (> 1000 m=) categories. In contrast, according to 
Carney et al. (1983), we should find only (1) a distinct shelf fauna above 
1000 a, (2) a distinct abyssal fauna below 2000 =, and (3) in between, an 
indistinct slope fauna that is partially obscure: by iasigration from the 
two larger areas shallower and deeper (Fig. 2). 

The sampling design for Cruise III was focused towards evaluating and 
testing selected sonation hypotheses (e.g., Carney et al. 1983 versus 
Pequegnat 1983, Fig. 2). Twelve stations were saapled on the Central 
Transect at depths of 356, 592, 633, 881, 1017, 1191, 14928, 1965, 2100, 
2518 and 2945. A site sap is provided ia Panel C of Figure 6, Section 2; 
an analysis design diagrams is shown by Figure 3. 

The first contrast will be to test the hypotheses of « real break at 
about 1000 = by comparing data taken at the first four (356 to 881 a) 
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Figure 2. Two contrasting views of the expected faunal changes that might be observed on the continental 
slope of the northern Gulf of Mexico. Cl-Cl2 represent stations sampled in this program during 
Fall 1985. 
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Figure 3. Analysis design diagram for sonation studies using density as the example response variable. 
See aleo Figure 2 for relationship of sampling stations to hypothesized faunal tones. 
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éepths te Gata takes at the Geeper Gepths (1017 te 7945 a). Withis the 
Shallow group of stations, we can thes compare the bypotbesized Shel r- 
Slope Trassitics lese te the irchibesthal Lose and; lastly, betwees the 
two Gepths withis each sone. Given the relatively eves spaciag soon 
these sore shallow stations, tais sequence of costrasts should Gel ineste 
betwees the ¢ichotceces views of sharp faunal breaks (cones) versus «4 sore 
conservative view of the cetere of changes with cepth. 

The sext costrast will be te compare variables at Gepths equating to 
Pequegeat’s (1983) Opper Abyssal Lome wersus those equating te bis 
Mescebyseal Lone; and for the latter, between the two bypetbhbesizced 
borisess. These should sot be éifferest scoordiag to the Carney et al. 
(1983) comcept (Fig. 2). 

at this poist we will be left with the stations betwees 1000 and 2000 
es. The first step will be te contrast the “2000-a deep station which, 
although withis the Upper Abyssal Looe, was widely separated froe the 
other stations (« sampled Gepths). We will sext compare the two shallower 
sites withis the sone (881, 1017 a) te the deeper sites (1428, 1865 @), 
and thes sake compariscas between the ledividwal depths withis the two 
sets. The shallower set was sore widely spread than the deeper set (see 
Figs. 2 aed 3), thereby providing a test of the bypotbesis that 
éifferences are sainly «@ function of distance between sites when pleced 
along & Gepth gradient. 

The sampling regiees for Cruises IV (Easters Gulf) and 7 (Vestern 
Gulf) bed similar objectives but for different regions. The overall goals 
were to saaple slong gives isobaths te detersine the degree of 
longitudinal or latitedioal variation as compared te depth variation, and 
te determine sone of the sources of the observed variation by seane of 
specific contrasts (e4., sandy bottom areas versus silt and clay bottons, 
petroleum seep areas versus Son-seep areas, topographic attributes, ete.). 

Ie the Easters Gulf, the selected depths (Fig. 4, see also Fig. 6, 
Panel D, Section 2 for site aap) were “350 = (four stations), 625 @ (siz 
stations), 850 = (five stations), and 2900 = (ome station). Once sore, 
the first step will be te compare the Shelf-Slepe Transition lene ()50-a 
deep stations) te *true* slope hebitaets. Hert, the 2900-a deep station 
(Mescabyseal, Sorisen 5) will be coatrasted te those of the sid-slope 
Arobibesthal Zone, Horizons 4 (625 =) and 8 (855 =). ‘These contrasts wil) 
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be followed by a comparisosa of Horizons A and B within the Archidestial 
Zone. 

Withis the Shelf-Slope Transition stations, one (E1A) was located on 
a silty-clay scttom whereas the others (£15, £1 and EIC) were all sited, 
by design, on sand-silt-clay bottogs. This provides the basis for the 
initial contrast among these stations--the effects of sediment grain size. 
Next, the centrally-located station (£1) will be compared to the flanking 
stations £18 and Eic. And fisally, the two distal stations will be 
contrasted. This sequence of tests will esabie an evaluation of the 
effects of distance on observed biclogical differences along an iscbath. 

The placement of stations along the 625-a depth contours were all on 
the same sedisent type, but three stations (28, 2 and 2C) were tightly 
grouped as a core, with one station (2A) widely spaced from these to the 
northwest and two stations (2D and 2E) separated to the southeast. This 
provides the basis for the first contrast within this group of stations. 
Withia the core group of stations, E2C was farthest removed from the otber 
two and data from this station will be contrasted to data for E2 and E28, 
which will then be compared to each other. Lastiy, for this sequence of 
comparisons, the stations at the opposite ends of the transect will be 
compare¢, namely information for station E2A versus E2D and EE combined, 
and then the latter versus one another. The results of these analyses 
should yield information enabling one to evaluate whetber variation along 
an isobath is equivalent to variation observed on the vertical depth 
scale. 

The station array for the 625-8 deep stations enables an evaluation 
of the effects of latitude along an isobath Sere, stations £38 (26°02") 
and £3 (28°09') were the sost southerly, and variables from these areas 
will be contrasted with information from stations £3C (286°1S'), £30 
(28°21') and E34 (28°29") treated as a group. Date from £38 and £3 will 
then be contrasted to each other followed by a contrast of data for E3A to 
ESC and ESD. Lastly, information for ESC and E3D will be contrasted as a 
measure of fine-scale latitudinal differences. 

The isobathic sampling in the Western Gulf was conducted between the 
previously sampled Central and Western Transects, and stations included 
were given a WC (West-Central) prefix (see Fig. 6, Panel D, Section 2 for 
site wap). An analysis design diagram is provided by Figure 5. Of the 12 
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Figure 5. Analysis design diagram for samples taken between the Central and Western transects in summer 
1985 to examine longitudinal versus depth variation in samples taken at selected depths. 
Density is used as the example response variable. 
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stations sampled, two (WC! and WCS) were in the hypothesized Shelf-Slope 
Transition Zone (150-550 a); five (WC2, WC8, WC6, WCT and WC8) were in 
Horizon A of the Archibenthal Zone (575-750 a); three (WC3, WC9 and WC10) 
were is Horizon 8 of the Archibenthal Zone (775 to 950 =); and two (WC11 
and WC12) were is Horizon B of the Upper Abyssal Zone (975-2250 =), 
following Pequegnat (1983). 

Followiag precedest, the first comparisons will contrast the 
hypothesized Shelf-Slope Transition Zone to the stations deeper on the 
Slope; and withis the Shelf-Slope Transitios Zone, a contrast of WC! to 
WCS enables an evaluation of the effects of sedisent type (silty-clay 
versus sandy-clay). As before, we will then proceed to contrast the 
deepest stations (WC11, WC12) to the shallower stations on the slope 
proper (i.e., sot including the transition sone). The contrast of WC11 
(topographic low surrounded by shallower water) to WC!I2 (topographic high 
surrounded by deeper water) provides a direct examination of the effects 
of depth per se. 

The next set of contrasts will be to address whether significant 
differences are apparent between the two hypothesized horizons within the 
Archibenthal Zone. Within Horizon A, a contrast of data for Stations WC6 
and WC7 to the others in this sone (WC2, WCS and WC8) provides an 
evaluation of areas with suspected petroleum seeps to areas believed to be 
devoid of any known petroleum seeps. The two seep areas will then be 
compared to each other; Station WC2 will be compared to WCS and WC8; and 
WCS will be compared to WC8. The latter contrasts will provide an 
estigate of longitudinal variation withia the sage depth range and 
sediment type. Within Horizon B, a contrast of WC} to WC9 and WC10, and 
contrast of WC9 to WC10 will also provide an estiaate of longitudinsal 


variation within the same depth range and sedisent type. 
1.2.2 FINAL REPORT PLAN 


In the Final Report environgental (hydrography, sedisent 
characteristics, hydrocarbon chemistry) and some biological data will be 
integrated to show how the slope babitat differs among regions, depths, 
seasons and years. Differences will be determined by inspection as well 
as by sore quantitative means such as Principal Components Analyses (PCA). 
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In our project designs, we have up to 50 environmental or habitat variables 
that were seasured as potential factors affecting bicta. PCA enables one 
to transforms a large origical set of variables isto e szaller set of 
combinations that account for gost of the variance of the larger, original 
set. The purpose is thus to explain as much of the total variation in the 
Gata as possible, with as few of these factors as possible. 

The outputs of PCA enables one to group entities (is our case, 
stations by Gepth, seasons and year) is terus of their physical/chesical 
attributes. This, is effect, provides an environmental classification 
against which we can compare results of various biclogical classifications 
of the same stations. The question being addressed by this approach is: 
Does the distribution and abundance patterns of bicta on the slope 
correspond to environmental differences? 

The biological analyses will first focus on each of the sajor 
taxzonogic groups associated with soft bottoms habitats, sasely the 


peicofauna, sacrofauna and segafauna, the latter of which were sanpled 
using trawls as well as benthic photography. 

The seicofauna section of the Final Report will describe the 
composition of the seiofauna by sajor group and sumerical abundance 
patterns by season, region and depth. Differences will be evaluated by 
inspection because of the lack of any detailed taxonomic resolution. The 
abundance of selofauna will be correlated to physical factors as well as 
to sacrofauna abundance and biogwass. Historically such contrasts have 
been used to depict overall comsunity structure and @ reflection of how 
this structure changes over depth (e.g., Thiel 1983). Based upon the 
above information, our findings will be compared to other regions, with 
any unique or upusual attributes of the Gulf selcfauna so identified. 

The project selofeuna data set was the sost complete of any project 
Gata set at the tise this report was being prepared and the analyses 
presented in Section 4.1 are reasonably detailed. Nevertheless, the 
results presented herein are preliainary only, and do not represent the 
style and content which will be used in the Tear 4 Final Report. 


For each of the sacrofauna and segafauna designations, the Fisal 
Report will first presest an overview paper describing the species 
compositios of the overall group and relative abundance patterns azong 
species. Such descriptions will include species area and/or rarefaction 
curves as an index to assemblage structure. Seasonal and spatial (region 
and depth) patterns of diversity (Shannon-Wieser Index) will be described 
using Analysis of Variance (ANOVA) to detect significant differences and 
the contrast scheme detailed above (orthogoral contrasts) will be used to 
éefine the sature of the diversity differences by region, season and 
Geptn. 

A number of diversity indices sight be used, each having certaic 
attributes and probdless. All are isfluenced at least to some degree by 
Sample size and all sust be considered representative of the sanples 
versus whole assemblages given known problems with sampling efficiencies 
of standard saugpling devices (e.g., trawils and box corers) operated at 
great depths over different types of substrates. We have selected the 
Shannon-Wiener Index because (1) it bas been demonstrated to be reasonably 
independent of sample size and, within ligits, is sorgaliy distributed 
(Bowman et al. 1971) and, sost itaportantiy, (2) it bas been previously 
used to define species diversity of the Continental Slope collections sade 
in the sorthers Gulf of Mexico (Pequegnat 1983), allowing for direct 
comparisons. 

The next step in the overview sections will be to apply cluster 
analysis techniques to biclogically classify stations by region, season 
and depth for comparison, by inspection, to the classification schese for 
the same stations yielded from PCA applied toe physical/chesical 
attributes. Our cluster analysis approach will follow Grassle and Saith 
(1976) using a Normalized Expected Species Shared (NESS) as the siailarity 
measure. 

The findings of the described analyses will be compared te historical 
analyses of sisilar sature for other regions; and, in this context, any 
unusual attributes particular to the Gulf of Mexico will be .dentified. 
Also as part of the overview sections, we will identify the ecologically 
iaportent or sumerically dominant component groups within each of the 
mecrofeunal and segefaunal designations. These groups will serve as 
subjects for « series of sections Gealing with that group per se. 
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The same “community-type" analyses Gescribed above will be applied to 
the Gata for each sajor component group of the sacro- and segafeuns. In 
additions to these, we will also subject the species abundance cata for 
Gepths an¢ longitude to a chi-square analyses following Backus et al. 
(1965) and Gage (1986), designed to detect apparent faunal boundaries. By 
inspection and/or correlatios, the fisdings will be related to distance 
between sampling sites. 

In these sections of the Final Report, we will identify the sost 
abuncast species withis the component groups an¢ compare abundance 
patterns of these over tise and space using ANOVA and orthogonal contrasts 
as defined above. An appropriate transformation will be applied to the 
Gata, if warranted, prior to the analyses. Likewise, correlation analyses 
will be conducted to determise the apparent associations of species 
abuncance to physical/chemical attributes of the environment using data 
provided by the by¢rography and sedigent investigations. These 
¢iscussions will also isclude a description of the present levels of 
by¢rocarbons in anigal tissues, as provided by the hydrocarbons chesistry 
studies. 

Life-history sccounts will be provided for sumerically dominant or 
otherwise considered isportant species of segafeuna. These will include 
éiscussion of food habits, size distribution, apparent growth patterns and 
length-weight relationships. For dominant svcrofaunal species groups 
(e.g., the polyebaetes) we will attempt to classify the populations by 
feeding type. All of this information is for the purpose of developing an 
overall conceptual sodel of the Continental Slope ecosystem. Some of the 
species ecoounts and feeding type information bas already been developed 
and is included in this progress report as Attachments. The reader should 
bear is sied, bowever, that these accounts are sot necessarily complete, 
and that so attempt is sade bereia to either interpret or integrate any of 


the itaformation iste a systes context. 
The Tear § Final Report will alse comteia « section dealing with 


megafeuna based upon our benthic photography surveys. While these results 
generally leck the te’ calle resolution required for many analyses, they 
bave enabled an evaluation of the overall segafeunal densities estiaeted 
based upon trawling. Also, at least one very abundant species was 
photographed regularly that was sever taken by trawling. These topics 


is 


will be addressed is the Final Beport, with the results, along with 
babitet cbeervations, saking sajor contribution to the systes conceptual 
podédel. Many of the basic findings from the photography studies are 
presented in this report, Dut the reader is again forewarned, that little 
isterpretatios and so istegratios of the findings is attespted is this 
report. 

As already mentioned above, sone of the results of our chemosynthetic 
comsunity iovestigations are adécressed is this report, but a complete 
syotbesis of isformation on these copsunities will appear in the Fiscal 
Report, including results of project-specific studies. 

The concluding section of the Year § Final Report will present « 
conceptual sodel of the Continental Slope ecosystem of the sorthers Gulf 
of Mexico, based upon an integration of all the program finding*. Is this 
section we will define the various types of assemblages that are 
represented and identify the energy sources and flows withia and asong 
assemblages. We will also identify areas of sajor uncertainties abvut the 
system and bow these sight be addressed by future studies. 


This Volume I of the Year 3 Annual Report provides a brief sumsary of 
some of the interia observations described in the Technical Report, Volume 
II. Volume III: Appendices, provides project data summaries. 

During Tear 3, submersible studies were conducted at selected sites 
where chemosynthetic seep communities were believed to be present. The 
results of these programs studies will be provided as a separate report 
which, elonmg with a synthesis of all other available information 
concerning Gulf of Mexico seep communities, will be incorporated is the 
Tear 4 Final Report. 

Some final introductory comments are in order here. Various sections 
of this report have been prepared by one or sore of 12 individuals 
representing two institutions. Because of the preliainary and progress 
report sature of this volume, @ sajor effort bas pot deen given to 
standardization of data presentation, graphics and tables or consistency 
of text among sections. By program design, emphasis to this date bas been 
placed upon quality assurance of the sample analyses and data compilation 


ig 


as opposed to data analysis, isterpretatios asd the preparatios of this 
report. With these ciservations is mind, we ask the reader's indulgence. 
Bowever, despite the inconsistencies is style and contest, we believe the 
discerning reader will fing this report inforuative. 
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2.0 STUDY AREA ASD METHODS 


BLANK PAGE 


2.0 STOTT 0) SD Tes 


The Costisestal Slope Stedy was Lisited te waters sorth of 25°%, 
beviog Gepths betwees 200 anc 1600 &. Stations were loceted is depths 


likely te “Geliseste feunal somsticen or areas of transiticos” anf is each 
of the HES Veseters, Easters, anc Central Gelf of Mexico Lease Pleocing 
sreas. 

Ope cruise wes gate te the Ceotral Lease Plancing Aree Guring fal l- 
winter of 190), sampling of al) three Lease Planning Areas Guring spr ine- 
semeer of 1904, and tetensive sempling of the Central Lease Plesning tree 
was comdected Guring fall-wieter of 190%. Dering spring-cueser 19%, the 
Easters end Ceatral/Vestere Plessieg ireaes were seaplet. Seepling wee 
contectet prigeriiy along tecbeths te eraleuste werticos) sometion ts light 


of longitecioal waertability. 


The lecetions of sampling transects and stations are shows is Figure 
6, an¢ & Sumeary of the retionale for their selection is ovtlined below. 
A few charecteristics of each lease pleasing eres, and the epprosziaete 
positions of the origieal three transects thet formed the secleus of the 


sampling ples arc 


'. Central Leese Pleseieg tres « This transect extended 
aeress the slope ia the vielsity ef the Mississippi 
Treagh, Crowe epprexiaately 28°D0's, B9°RO"'W te 26°R0"R, 
69°D0'W. The area is charectericed by extremely ective 
sediment sovement, relatively high terrigenous laputs, an 
sbeence of topographic features, en¢ ie cocesionailir 
bathed by the Loop Currest. 

2. Weetere Lease Pleseieg tires « This transect extented 
ecrees the slope Jest seuth of the Flewer Garden Denke, 
from 27°as's, o7°RO"W te 25°SO"R, OF°DO'W. The ares ts 
charecterioet by te relatively slaggie® cirewletion of the 
westers Gulf, « sumber of promeunced topographic fertures, 
soderate te low Geelivity compared te the Missiesipp! 
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Trough Transect. A fair amount of data is available fros 
proxisal areas. 

3. Eastern Lease Planning Area - This transect crossed the 
Florida Escarpzest from 27°80's, 85°1S5'W to 27°30'H, 
85°s0'W. The area is characterized by high declivity 
(especially on the lower slope), a low rate of terrigenocus 
input asd sedisentation, and by soderate to strong 
currents along the face of the slope. 


Station locations withis each faunal tone were also influenced by 
water mass distribution and characteristics. The shallowest station is 
each transect was located towards the deeper end of the Shelf/Slope 
Transition Faunal Zone, below the zone of Gulf Common Water in Tropical 
Atlantic Central Water. Going down-slope, the next two stations vere 
located in the Antarctic Intermediate Water sass, and the two deepest 
stations were is the Gulf Deep Water. Variation in water mass properties 
would be expected to be ginigal at the deeper stations with the exception 
of events related to the passage of cold~- and wara-core rings from the 
Loop Current. 


On Cruise I, five stations at five different depths in the Central 
Gulf were sampled on the Central Transect during fall 1983 (Fig. 64). The 
prigary purpose of Cruise I was to provide a first lock at the study area 
withio previously-defined faunal sones over a wide depth range (300 to 
2400 a), and provide data which could be used to refine future sanpling 
and modify project hypotheses if necessary. 

Cruise II, conducted during spring/summer 1964, extended the 
geographic coverage to the western and eastern regions of the Gulf, and 
resaapled the stations cccupied on Cruise I (Fig. 68). Based on results 
of Cruise II, comparisons could be sade among geographic areas and cepths, 
as well as between seasons for stations on the Central Transect. 

During Cruise III, the five original Central Transect stations were 
sampled again in fall 1964, along with seven additional stations (Fig. 
6C). The seven sew stations were located on the Central Transect at 


Gifferest depths from the first five staticses. The locations for the 
additional statioas were saisly is suspected transition areas and were 
based upon the advice of the Scientific Advisory Committee. Sampling the 
five original Central Transect stations allowed annual comparisons between 
the fall cruises of 1983 and 1964. 

During the spring/summer 1985 Cruise IV, 16 stations were saapled 
near the Eastern Transect, including those previously occupied on the 
Eastern Transect on Cruise II (Fig. 6D). The new stations were grouped by 
depth at approxigately 350 a (% stations), 625 2 (6 stations), 850 a (5 
stations), and 2900 a (1 station). The intention was to exasine depth- 
related differences in the context of observed variability along depth 
contours. Annual variability could also be studied by comparing the data 
from Stations £1, &, £3, and & on Cruise IV to data from Cruise II, whens 
the same stations were visited a year earlier. 

Station locations for Cruise ¥ (Fig. 6D), also conducted during 
spring/summer 1985, were chosen on the basis of several criteria. The 
area between the Western and Central Transects was subject to ongoing and 
expected future of] and gas exploration and development activities. Many 
sites were selected along depth contours in order to offer wide geographic 
coverage of the area and to document longitudinal variability is sedisent 
and biological characteristics. Bydrocarbon seeps bad also been reported 
in the area, and the associated biota bad not been well documented. Two 
suspected areas of hydrocarbon seeps (Stations WC6 and WC7) were thus 
chosen to compare with probable “control® (non-seep) areas at comparable 
depths (Stations WC8 and WC2). 

The sampling strategy described above permitted project scientists to 
make the following basic contrasts: 


fontrast. Data Source 
Seasonal variation by depth Central Transect, Cruises I 4 II 
Geographic variation by depth Western, Central, and Eastern 
Transects, Cruise II 
Annual variation by depth Central Tranmsect, Cruises I 4 Ill 
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_Costrast _ _Datsa Source 


Zonation patterns Central Tranmsect, Cruise III, plus 
Gata from all other cruises 

Variations withis depths, West-Central Transect, Cruise ¥ 

Western Gulf 

Variations withis depths, Eastern Transect, Cruise IV 

Eastern Gulf 

2.3 METBODS 


2.3.1.1 Byécromraphic Measurements 


Continuous and discrete seasurements of hydrographic parameters were 
obtained throughout the water column (surface to bottom) at five stations 
on each cruise. A Neil-Brown Mark III CTD/Rosette/Transzissometer Systes 
was used to obtain continuous data and discrete water samples. Continuous 
conductivity (salinity), temperature, depth, and transmission records were 
provided by the Neil-Brown CTD. A 12-bottle rosette attached to the CTD 
was used to collect at least 12 discrete water sagples at each station. 
Bottles were spaced throughout the water column in order to delineate the 
major water gasses at each site. The CTD/Rosette/ Transmissometer systes 
was deployed with a pinger so that the cast could be safely lowered to 
withia a few meters of the bottom. This was done in order to discern 


whether there were bottom sepheloid layers at each site. 


Continuous Measurements 


The shipboard Neil-Brown CTD systems consisted of a demodulator, 
digital display and digital-to-analog converters. Digital output of each 
scan (every 32 as) was transmitted via arsored cable to the shipboard unit 
in "TELETIPE” format using frequency-shift-keyed sodulation designed to 
transait up to 127 bytes (8 bits) per scan. 
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Trasssission profiles were provided by a Sea Tech Inc. 
transmissometer interfaced to the CTD system. This instrument bas a 25 ce 
light path with « light emitting diode with « wavelength of 660 on as « 
light source. This instrusest, with proper calibratios, provides data 
with an error less than 0.53 transszission. It bas a depth capability of 
ca. 2500 a. 
The Gata from the CTD/transmissceeter were stored both as « hard copy 
from an I-! recorder and on sagnetic tape. An EP-1000 computer was used 
aboard the #/¥ Grre for data storage. 


Discrete Measurenents 


Discrete seasuresents of temperature, salinity, dissolved oxygen, 
nutrients, and particulate orgasic carbon (POC) were obtained by 
collecting samples from PYC Niskia bottles sounted on « General Oc9eanics 
Rosette sampler. Subsamples for dissolved oxygen were drawn first. All 
the discrete seasuresents were performed at sea. Measurements of 
temperature, salinity, and POC were all performed in duplicate. Tes 
percent of the oxygen and sutrient sagples were also duplicated to 
establish sagpling and analytical precision, asd to assure data 


reliability. 


2.3.1.2 Box Core Sampling 


Box core sauples were taken at each station to obtain saterial for 
macroinfauna and seiofauna identification; sediment grain size; carbonate; 
total organic carbon; carbon isotopes; and hydrocarbons. Siz replicate 
sauples were taken at each station, except on the Western and Eastern 
Tramsect stations during Cruise II, when only three replicates were taken 
per station. The replicates were then subdivided to provide saterial for 
the various types of analyses. 

Box corers were deployed in yoked pairs, using a TAMU-sodified 
version of the Gray-O'Rara modification of the J40 box corer. Under ideal 
conditions, only one cast was required to collect two replicates. 
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The box corer (Fig. 7) seasured 24.5 x 24.5 x 44 om. It was fitted 
with « bingeé gGocor to prevent wasbout of samples, and bad up to 135 kg of 


ballast. The door was open until the device bad penetrated the substrate, 
whereupos the jaws an¢ the door closed. The asoust of ballast was 


acjusted to ensure adequate substrate penetration. 

The box corer costaised six setal coring tubes, 43.5 cm long and 3.5 
cm is internal ¢iaseter. During Cruise I, these tubes were sounted in 
three pairs on a wire rack is the center of the box. This design was 
igproveé om successive cruises by sounting a1] siz tubes against one wall 
of the box and securing thes ‘“ebiod an aluminum partition that extended 
the full Gepth of the box. As each box corer came onboard, the overlying 


water was carefully siphoned iste the saecrofeuna contaiser, and the 
remaising subsamples processed according to their intended uses. 


Sediments for Physical and Chemical Analyses 


Uadisturbed, uncontaminated sedisest sasples for analysis of 
hydrocarbons, grain size, carbonate, and total organic carbon were 
subsampled from the box core iasediately after decantation of overlying 
water. The subsasple for hydrocarbon, carbonate and TOC analyses were 
stored frogen in a glass jar, while the sagples for grais size analysis 
were placed in whirl-pak bags and refrigerated. All sasples were 


appropriately labeled. 
Meiofauna 


Four of the tubes were used for selofauna saaples. The top five 
centiaeters of sedisent in the selofaunal tudes was extruded using «& 
plunger end placed directiy inate a glass or plastic sasple jar. As 
isotonic solution of sagnesium sulfate was iapediately added to sarcotize 
melofaeunal orgasisas. After the saaple bad been in & Cool place out of 
the sun for about 30 sis, it was preserved by adding neutral buffered 
formalin with rose bengal until the contents reached 4 concentration of 5% 
formalis. The jar was gently shaken to achieve « unifors sixture of the 
preservative. Preserved saaples were stored at agbient teaperatere. 
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Figure 7. Box core and configuration of in situ subsampling tubes in the box corer. 
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Macrofausa 


The remaisd¢er of the box core contents was removed to a depth of 20 
cm an¢ washed carefully om @ 300-gicronm sieve with a gentle streas of 
cartricge filtered sea water. Material retained om the screen was placed 
im suiteble costaisers, labeled, and sarcotizse’ in an isctonic sagnesius 
sulfate solutions. Following sarcotization, organisms were preserved is «a 
solution of 10% seutral buffered formalis is sea water, to which rose- 
bengal stain was added. These samples were stored is « cool plece as soon 
oS possible following collectics. 


2.3.1.3 Zpew) Sampling (Megefauna) 


Megafauna sampling was performed with « standard 9-s, semi-dal locos 
otter trawl with 60-cam steel doors, 3.8-ca stretch sesh, and 1.3-ca cod 


end sesh. Target trawling tises were one bour at stations shallower thas 
1300 =, and two or sore hours at deeper stations. The asount of tise on 
the bottom was arbitrarily seasured as the tige from wiseh brake 
application until the winch was started again for trawl retrieval. At a 
towing speed of one to three knots, a ratic of 3.5:1 between amount of 
wire out and the depth produced good samples. 

The contents of each retrieved trawl was dumped into setal tubds. 
Fishes and invertebrates intended for hydrocarbon assays were quickiy 
removed, photographed, and frozen. The resaining organises were usually 
rough-sorted into three categories (fish, decapods, and *other"). They 
were then sarcotized with isotonic sagnesius sulfate if necessary, and 
preserved in 10% neutral buffered formalin in sea water. 


Benthic photography seuples were obtained with the use of « Benthos 
Model 372 deepses camera fitted with a 26-a8 lens (angle of view 35° x 
86.5°), and equipped with a 200 watt-second Benthos strobe. On each visit 
to every station, the casera took 800 exposures of Kodak Extachrose 
Professional 5936 file, I80 200. Photographs were taken every eight 
seconds. 
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The photographic gear was mounted iovice « protective framewor’ 


similar to that of Woods Ecle Oceanographic Institution's Mini-Aingus (Fig. 
S). The frame ané its sounted components are called "BUCS" (Benthic 
Doéerwater Casera Systen) for convenience is this report. BUCS bad « clock 
ane altigeter that recorded the tise and altitude above the bottes is the 
corner of each photogrept. The altiseter bad a resclution of « 6.! a. 

BUCS was suspended from the vessel by « byére wire, and allowed te 
érift sear the bottos along transects 1500 te $000 = long. Suspending 
BUCS is this way prevented skipping and bouncing of the bottos, theredy 
Sisisisiog <¢isturbence anc reducing the chances of attracting or 
frightening anisals away. 

The please of view was parallel te the bettes. Altitude was 
weaistaioed by adjusting the vessel's wiecs is response te an acoustic 


Signal transmitted by «4 12 KBs bottom-fieding pinger on BUCS. The signal 
was portrayed continuously on @ strip chart recorder. Optiause casere 


altitude was approximately 2 = above the bottom, which prodwced shots that 
included 2.27 =” of the bottom. Bowever, acceptable shots were obtained at 
altitudes from 0.7 = (0.27 =* area) to 4.0 = (9.09 w* area). At bigher 
altitudes, larger areas were included is each shot, but image resolution 
was poorer; the converse was true at lower alt.tedes. 


2.3.1.5 Quality Assurance apd Quality Contre) (GA/ 90) 
Boz Core Sampling 


A concerted effort was sade to obtais the highest quality saaples. 
This effort included 1) using experienced and competent field dbiclogists 
for sampling; 2) employing discrete criteria for quantifying the quality 
of each sample before it was accepted for on-board processing; 3) closely 
supervising sample bhendling, weshing, sereotiziag, en¢ prelisgisary 
sorting; and 4) sainteaining & sample tracking procedure to ensure proper 
chain-of-custoédy procedures. 

In the field, the following eoriteria were used te Judge whether « doz 


core was sccepl able: 


1. The doors should be fully and properly closed; 


— — Cemere 


— Altitude 
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Figure 6. Schematic diagram of photographic sysetes used for benthic 
photography. 
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2. The setisest is the bes should be covered with clear 
water, sioce cloedy weter suggests aizing Of water and 


setiaest Curing retrieval; and 
3. The setisest sboulé be level withis the bez, since slopicg 
setinent suggests foo-vertical setisest penetret ios. 


Coriag coetioused st each station estil the requisite susber of replicates 
eet these oriteria. 


Bestaic Phetagraephy 


All BOCS equipeeet wes ful’y teeted prier te each crevice. Freeh 
batteries were lLestalled te power the '2 ERs bettoe-fle¢ing plager snc 
capers Gate chasber. WFickel-co¢ates betteries eset in the bigh-letensity 
flesh were Greleet ant recharget te full capecity before every cruise, te 
orter te prevent premature power loss Guring capere transects. 

After each photographic transect was coupleted, & test strip of 
exposet fils was éGeveloped while of station te confire thet ne sechanice) 
Giffieultios affecting the photography bet coowreé. The test sirip wee 
taken from the ent of the 0-expeosure reli, te Getereive whether or sot 
the comers bed exposed frases frome the begiening te the ent of the reli. 
if the test strip Lecledéed as excessive suaber of poor shots, or if the 
senpling bed te be aborted whlle eederwaey, the photographic trepeect wae 
repeated at thet station. Thet preved secessery of only twe cecesions, 
out of 60 transects completed. 


2.3.2 LABORATORY METHODS 


Laboratory sctivities included beth physical/chesica) and hyérocertden 
éetereinations for sediaests saé Siete; carbee Leotepe enaiyees for 
sediments and biceta; sorting, identifying, enumerating ent weighing, and 
eeasuring Diets as well os eealyeing thelr get contents; ane the enalpeee 
of photographs for biete and lebensepuren. 


2.3.2.1 Jetipest Samples frome Bes Cores 
Grais Sise 


Setisest grails sise follewed the laboretery procedure of Folx (197%). 
Seaples were bowogesizet sac treated with an aliquet ef J08 byéreges 


perenice (8,0,) te oxidise organic setter, thes wasbed with ¢ietil led 
water te reserve sclebdle salts. Sedies bexrasetep oephate wae etced to 
Geof Looculete ech seaple. The seaples were thee wet-cleved esing « 62.4 
sierese (4.4 0) sleve te seperate the grevel eed send free the siilt-cley 


frectics. 
The total grevel ant sand frection was eves Gried (40°) weighed, ant 


sieved at balf-pRi tetervale (~1.5, «14, -05, O04, O45, 14, 15, 24, 
25. 34, 35, opt 44). Geom collected freetion was exanioet for 
meregetes, Cleaggregetet if secessary, ant reweigbet by rection te three 
significosst figures. 

The siit-cley freetioe was analysed for particle sise Cietribetios by 
the pipette (settling rate) sethod at 4.5, $4, 55, 64, 14, 84, 94, 
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Organic Cartes 


Organic carbene Getereieations were sede esing & Loco ¥F-'12 Total 
Cardoen Systes. Sedieest subssaples (0.2-0.5 g) were weighed tate 
Giepessbie 5 al polystyrene beakers and treate! with concentrate? BC) te 
reserve leorgenic carbdes (carbonate). Acid was added Cropwise eatil se 
éGegeesing wes Cheervet. The treated seuples were thes dried at SO°C te « 
recireuletiag eves for 24-36 bourse te remove excess acid s0¢ Soletere. 
after @ryieg, the seuple wee quantitatively transferred te & siateree 
orevetblie. ree eecelerster amr ‘tin coated copper cetaiyet were atced ant 
eeelyeet by total coebustion G. *he Leee lestrumest. Orgenic cartes was 
converted te CO, ee¢ a8) sith @ seee-dispersive tefrared 
spectroepheteeeter. lens ané sta, arts were rue of @ Geliy besie. AL) 
seeples were enalyeed ie Gueplicete eed averaged. Perie¢ioslly seapies 
were combusted at >800°% in « high vreewum, Craig-type combustion eyesten as 
& Cheek of the combestion efficiency of the Lece eyetes. 


—“ — ave sane 


Cardogste Carton 


Carbeocate carbons was Getergeiceé for the sane freeze-crieé, 
bowogenizses setisest samples that were used for organic carbons and 
hyé¢rocartes Getersisatioss. Carbonate cardos is Cruise I sagples was 
Getersicet by Cifference between total cartons and carbonate-free (organic) 
cartes, esing the Leco WE-12 Total Carton Systes. for samples froe Cruise 
ii, carbonate cartes was Geteruized Girectiy by acidification is « carrier 
streas, followed by ‘sfraret Getection. 


Cartes Leotepe Analyses 


Carden isctope analyses were perforsed on sedisents and selected 
orgat.ens to Getersine their food source. Stable carbon isotopes have 
bees shows te be esefel is delineating the flew of carboe through 
ecosystems since there is consi¢erabis evidence for sisiaal cartes 
isotopic frectionation slong sarise food chains (Parker 1964, Degens et 
al. 1968, Dellire and Epsteia 1978). Plants preferentially assiailate ‘*c 
over ‘5c guring photosynthesis, and the degree of ‘3c fractionation is 
plants is Gependest os the biochemical pathway used for carbon fixation. 
Photosynthetically éGerived carton from sarine algee generally bave carton 
Lecteopic valves rangiag free «19 te «21 ppt. Carbon from terrestrial 
sources is generally at least 7 ppt lighter (sore negative) due te the 
uptake of COp a8 opposed to bicarbonate in the sea. Bowever, there are 
other pathways that can contribute te variations is the organic carbons 
isotopic contest of terrestrial plate. 

Orgenions that feed on photosynthetically derived carton from marine 
algee beve cartes isotopic values in the same range as the plankton (~19 
te «21 ppt). Sowerer, tissue froe sussels recovered at the Pacific veots 
have delta '5¢ values sear ~33 ppt (Rau 1981, Raw and Hedges 1979, 
Williams et al. 1981). The vent communities of the Pacific are based on 
Chemeuteotrophic becteria that gain energy from the oxidation of hydrogen 
sulfide (Karl et al. 1960). Im ture, the associated filter feeding 
orgenions feeding On these isotopically Light dbecteria bave sisiiar 


Lsctopie values. 


Stable carbon isotopes (delta ‘3c values) were determined on freeze- 
¢ried sedisest organic carbon and tissue sagples. The stable carbdos 


isotopic CO, composition derived from combustion of the organic matter was 
determined on a Suclide Corporation six inch, 60° sector, isotope ratic 
mass spectroseter. The carbon isotope values are reported as per ail 
deviations from the Pee Dee Belemnite (PDB) standard: 


delta '3c « (('3c/'2c) sample ~ ('3c/'2c) stas(*3cy'2c) sta) x 1000 


High Molecular Weight Bydrocarboss 


This study involved the measurement of high solecular weight (EM¥) 
hydrocarbons in segafauna (fishes and invertebrates) and sedisents is 
samples collected on the Gulf of Mexico slope. Sedisent saaples were 
screened for aromatic hydrocarbon contamination using total scanning 
fluorescence, but prisary detection and quantification of petroleus 
contemination was based on bigh resolution capillary gas chromatography 
and GC/MS/DS analysis. The purpose of the EWM hydrocartor analyses vere: 


1. To determine the suite of EMW hydrocarbons present and 
their concentrations; 

2. To determine prodable sources of the EMW hydrocarbons as 
either thermogenic (from natural seepage or anthropogenic 
sources) or biogenic; 

3. To determine the relationship between EMW hydrocartons and 
trophic levels; 

4. To establish the extent of contamination with respect to 
distance from shore and/or offshore o11/gas production; 

5S. To determine the relationship, if any, detween hydrocarbon 
chesistry, water depth, sajor current systeas, and 
sediment physical characteristics; and 

6. To compare the findings to known values for shallow water 
habitats in the Gulf of Mexico and subtropical U.S. Atlantic 


waters. 


39 
Protocois for analyzing both the sediment and benthic organises were 
very similar (Figs. 9 and 10). 


2.3.2.2 Biological Samples from Box Cores 


Meiofauna 


Melofeunal samples were gently rinsed through « 300 sicron sieve to 


remove larger organises, and then through a 63 sicros sieve. The saterial 
on the 63 sicros sieve was then placed carefully--saall asounts at « 


tige--iste a sorting dish partially filled with water. Isdividwals were 
sorted by sajor texa under « ¢issectiag scope, using an Irwis loop to 
transfer specimens to vials containing 70% ethanol. The vials were 
uniquely labeled according to collection date, location, replicate sumber 
etc., taxon, and the sumber of individuals contained is the vial. Bicuass 
was estiaated based upon published literature values for the size ranges 
of organises in the samples (Faubel 1962, Bowe et al. 1974). 


Macrofauna 


Macrofaunal sagples were gentiy risse¢d with water to resove 
preservative, placed in « Petri dish--seall amounts at « tise--and 
examined under @ dissecting sicroscope. Specisens were removed and sorted 
by sajor taxonomic group inte labeled vials containing 708 ethancl. VWet~- 
weight biomass was estisated for each taroncmic group dased upon values 
reported in various published literature (Faubel 1962, Rowe et al. 1974) 

All sajor tazonomgic groups except Nematoda, Barpacticoica, 
Aplacophora, Seyphosoe (strobdiles), Priapulida, and Acarina were gives 
either to is-howuse or consulting taxonomic specialists for identificaion 
to the species level, if possidie. 


Figure 9. Sediment hydrocarbons analytical scheme. 
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Figure 10. Hydrocarbon analysis scheme for organiens. 
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2.3.2.3 Ipewh Samples (Mezafeuns) 
Identification end Enuperaticn 


Megefauna from the trawl sagples were removed from the storage 
contaisers, rinsed to remove formalis, sorted, identified, and counted to 


sajor taxonogic group. 
Size and Reproductive Conditics 


Fish and selected decapod species were weighed to the nearest 0.1 ¢ 
(drained wet weight) ang seasured using the standard sethod for the 
taxonomic group in question. Where possible, sex and state of saturity 
were determined externally or internally if the specisen was exazined for 
gut contents. 


Gut Contests 


Guts of selected representatives of common fishes were dissected and 
examined for assessment of food habits. Stomach contents were exanined 


for the following parameters: 


1. Percentage fullness, by volume; 

2. Percentage composition by food item group, by volume; 
3. Wet weight of each food item group; and 

5. Mumber of individuals in each food ites group. 


Righ Molecular Weight Bydrocarbons 
As mentioned in Section 2.3.2.1 (Sediment Samples from Box Cores), 


the organise bydrocarbons analytical scheme was very sigilar to the one 
used for sedisents (Fig. 10). So flucrescence screening was perforned. 
Since organises do sot generally contain large smounts of sulfur, 
desulfurization with copper was not secessaary. Three tissue types 
(liver, gonad, and suscle) were analyzed in fish specimens. Only suscie 
tissue was analyzed in other beathic fauna (shriap, crads, ete.). 


4) 
Organises are frozen at -20°C on board ship. Dissection was performed is 
& sbore-dase¢, clean laboratory. All etensils were pre-cleaned using 
procedures described is the sediment section. The target sample weigtt 
was 15 g wet weight. The setbod of digestion of tissues was identical to 
that used for sedisest. The setbods used is colums separatios, gas 


chromatography (GC), and gas chromatography/sass spectrometry (GC/MS) were 
also identical to those used is the sedigest analytical schone. 


Cartes Isotopes 


Carton isotope setbods are described in Section 2.3.2.1. 


2.3.2.4 Benthic Photography 


A procedure for detailed evaluation of benthic photographs was 
developed specifically for this project. Benthic photography saaples 
Obtained from photographic transects were processed on 4 digitizing pad 
érives by a sicrocomputer. The sizes of objects seen is the photographs 
were calculated from their distance from the camera (1.4. camera altitude, 
recorded is the corner of each shot) and the acceptance angles of the 
campers lens. CEnowledge of the scale of the photographs sade it possibi« 
te caloulate the area shown is each photograph, and to seasure the sizes 
of various features and bicta. Each photo thus served as & quantitative 
quaérat sample of the survey site (Grassle et al. 1975). 

The acceptance angles of the lenses were 35° (height) and 46.5° 
(width). The dimensions of one balf of a quadrat can be caleulated 


trigonometrically as: 


1/2 quadrat height « altitude « tan 17.5° 
1/2 quadret width « altitude x tan 2%.25° 


The area iecleded is « photograph is twice the product of these two 
numbers. 

Processed file was projected through « sodified bulk file projector 
and « front-silvered sirror sounted at a 45° angle (Fig. 11). ‘The sirror 
reflected the photographic ieage conte « Houston Instruments Bi-Pad DT~1' 74 
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Figure 11. Schematic representation of digitising apparatus used for 
processing benthic photographs. 
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Gigitizing peé comsected to as Apple ile sicrocecaputer. The software for 
the computer was dGeveloped by LOL 
A subsample of either 100 frames (Cruise II) or 200 frames (Cruises 
IITI-I¥) was selected from an entire roll fr«.. each station, using « 
systematic saaplieg techaique described by Cochran (1977). The 
Gigitiser’s cursor was thes used to coust end seasure the subjects is the 
photograph. The .»erator bad the ability te select any of three seans to 
seasure objects sees, é¢epenéding on Bis juégesest of the dest 
representation of the object. He could Getermine whether the cDject was 
most appropriate te seasure a8 & poist, « straight line, or « closedc 
figure. Each procedure utilized «a different software routine, which could 
be activated with a cursor compand. 


i 

i 

i 

i 

i 

i 

j 

The sequence of data sanagement and analysis procedures used by LOL 

5 is shown in Figure 12. Most of the project date comes to the data 
managepent group on coding forus which were d¢esigned by the Gate sanager 

J and key project personnel at the outset of the programs before any date 
were collected. Field and laboratory data were coded onto these cata 

| forus by laboratory personnel and thes processed. Once validated, date 
were submitted to NODC. 
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Figure 12. Date flow sequence for Continental Slope Study. 
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3.0 PEISICK MD CHCA SESULTS 


Tabuletet results of byéregraphic profiles taker et five stations oo 
och cruise are shows ts Appentis B of Veleme Ill of this repert series. 
Dept® reletet changes ie physice) ent cheatce) coestiteests fol lowed 
enpectet trenés, wits some variation by cruise ant stetion locetion withis 


the Gail. 
5.1.1 Thee 


Free the serfece (epper 25 a) te eppreniastely 1900-1800 « cepthe 
temperstere Greppet free sear 20° (19.41-25.08°C) te about 4.20-4.95°C at 
1900-1800 = Gepth (Fig. 13). Belew 1800 © tempereteres resainet coestest 
withie this lew range. SBetweese 309 ant 1909 &, teepereture veriations by 
Gepth withis trassects sas sot greet. On the central transect, Stations 
Ct, C2, Cl, C8 and CS core eeck cocupied three tiees (Creiee I-III). The 
Saxigws Yerietions over the three cruises et representative Gepthe of )00, 
600, 900, and 1800 & were 2.99°, 0.78, 0.29%, and 0.10%, respectively. 

Sielieriy of Cruise IV ie the casters Gall, preflies were seareret at 
stations with bettee depths of 380, 665, 885, O15, and 2920 @. 
Temperstere verietions by Gepth along the transect were low; ranges were 
1.93* (16.95-20.20%) ot 100 o; 1.72° (9.91-11.07%) ot 800 o; 048° 
(7.O5-7.77°C) ot 600 @ and 0.16% ($.10-5.20°C) at 900 a. 

Oe & large Scale, temperetere ¢ifferences free the westere te the 
easters Gulf alee showed only einer changes (Fig. 14). Free the western 
te the casters Gulf the weet teaperetere variation by Gepth wae only 


OAC at FTS~e Gepte. 
3.1.2 Sacer 


Salinity profiles exhibited the charecterietio patters for the Gulf 
of Mexico (Fig. 13). Surface salinity ranged free about 35 te about 64 
"Soe ant Lecrensed WIth Gepth te about 100-200 & where the selisity 
eexies, chaerecterietio of the core of the Gulf Comeee Veter, ie found 


Figure i). Syéregrephic profiles, 211 cruises cosbined. 
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Figure i4. 
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Variation in temperature at selected depths seasured at / 
stations (W4, C4, BA) acroee the Gulf during Cruise ti. 
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(Fig. 13). Below the salinity saxiaa, salisity decreased to a depth of 
about 600-800 = where the salisity sisiaus is located. The salinity 
gicisus is used as an indicator of the core of the Actarctic Istermediate 
Water Mass. 

Using the same depths that were used above to compare seasonal 
temperature differences by Gepth along the central transect stations 
Guring Cruises I-III, salinity showed the following variability for depths 
between 300 and 1400 a: 


Reeth 0=—s — = __ Baas 
300s 806-35. 16-35.70 *7,, 0.58 %/,, 


600 = 3% .90-34.98 0.08 
900 = 34 89-34 .95 0.06 
1400 = 34 .94-34 98 0.08 


Thus, less than 0.1 °/oo salinity variation was observed for any depth on 
the Central Transect over three cruises. 

Longitudioal variations is salinity based on seasurements taken 
éuring Cruise II at similar depths from stations in the western, central 
and eastern Gulf are shows ia Figure 15. At 275 and 400 @ salinity was 
slightly higher in the eastern Gulf, with the central Gulf station (C4) 
having the lowest salinity at these depths. (Extreme difference of 0.07 
°/.9°) At TTS m and below (1100-1800 =) there was a slight but general 
decrease in salinity from west to east (less than 0.04 °/.. difference). 
These differences were less than the observed difference along the central 
transect at sisilar depths over three cruises for Decesber 1983 to 


November 1964. 
3.1.3 DISSOLVED OXYGEN 


Dissolved oxygen concentration (Fig. 13) ranged from about 2.5 to 5.5 
wl/i (« “3.6-7.8 ag/1). These concentrations are sot considered to be 
ligsiting to aerobic fauna found in the ocean. Dissolved oxygen 
concentrations were higher is the surface waters (<50 =) decreasing to the 
oxygen sisiaue layer (about 400 « depth), which is used to identify the 
Tropical Atlantic Central Water Mass. In the eastern Gulf, « secondary 


Salinity (ppt) 


Figure 15. 
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Variation in salinity at selected depths seasured at 3) 
stations (W464, C4, E4) across the Gulf during Cruise II. 


oxygen sicisus layer at 150 to 300 = is sometizes found, associated with 
the Easters Gulf Loop Cerrent (Bowlis and Mclellas 1967). This phenomenon 
was apparestly presest Guring Cruise II, on the easters transect statics 
Ei, where two oxygen siniaa were cbeerved (one at 17% and one at 400 a. 
Below the oxyges sicivus, 0.0 concestraticns iscreased to a depth of 
approziaately 1500 @. fFrose 1500 sw te 2200 = dissolved oxygens 
concentrations regais relatively comstaent at approxiaately 5 #1/1. 
Station WCi2 sampled os Creise 7 produced sose aconalous 0.0. results 
although teaperature and saliaity profiles were sorgal. So explanation 
other than sample bandling or apalytical error have been postulated for 
these results, although there is so reason to expect these. 
Across the Gulf, dissolved oxygen levels varied less thar 0.2 =l/1 at 
@ given depth except for measurements sade at 14500 = (Fig. 16). The 1400 
= Gepth is an area of increasing D.O. levels and small-scale differences 
is depth of seasurement would heave sore iapect than seesuresents sade at 


other éepths. 
5.1.4 WOTRIENTS 


Witrate, phosphate and silicate concentrations are used as indicators 
of Antarctic Intermediate and Gulf Deep Water Masses. The nitrate and 
phosphate saxias, which usually colmcide along with the salinity sisisus, 
delineate the core of Antarctic Istermediate Vater while the silicaty 
eaxiges sarks the upper boundary of Gulf Deep Water (a sixzture of North 
Atlantic Deep Water and Carribbean Midwater Masses). 

Nitrate levels increased from sear sero at the surface to “30-33 ph 
at 500-700 = depths (Fig. 13). Belew 500-700 = there was « gradual 
Gecrease to about 20 pM. Phosphate levels followed « siailar patters with 
maxious values of 20-24 pM (Fig. 13). Soth sitrate and phosphate levels 
usually exhibit sarked inoreases at about 100-200 =, probably @ result of 
decreased photosynthetic activity. 

On Cruise II, there was @ general west to east increase in nitrate 
concentrations below 275 = with saxiaume values observed on the Central 
Transect (Fig. 17). Phosphate concentrations by depth were usually lower 
in the east with saxieus values io the west or central transect cepending 


on depth (Pig. 18). 
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Variation in dissolved oxygen at selected depths measured at 
3} stations (W4, C4, £4) across the Gulf during Cruise II. 
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Figure 17. Variation in nitrate at selected depths seasured at } stations 
(W4, C4, ES) across the Gulf during Cruise II. 
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Figure 18. 
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Variation in phosphate at selected depths seasured at } 
stations (W4, C4, £4) across the Gulf during Cruise Il. 
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Silicate concentrations showed less wariability at « gives Gepth thas 
either phosphate or citrate (Fig. 13). Silicate levels tecreased froe 
bear sero values et the surface to saxiaus values of about 25 to 3° 2 at 
“800-1000 a. From these Gepths te the beottos, walees decreased on the 
orger of 1-5 pH dows toe ~ 3000 =. Values were less variable with 


increased cept. 
3.1.5 PARTICULATE ORGARIC CARBOH (POC) 


POC walues ranged from | te 83 pgt/l. Many of the higher valves were 
obeerved at Gepths of lees thas 100 & with « tendency for lower levels to 
be associated with iscreased Gepth. However, levels is the 30-85 gegC/ i 
range were observed across 500-2500 = depths. A general decrease froe 
west te east was cbeerved in POC walees Guring Cruise II (Fig. 19). 


3.1.6 DISSOLVED ORGANIC CARBON (DOC) 


Dissclved organic cartes concentrations, seasured on Cruises II, III, 
and ¥, decreased with depth. Ia the top 100 se, values esually were 
greater than 1.0 agC/l--at tises reaching 2.85 agC/l. Below 100 a, levels 
were usually froe 05 te 0.6 agC/1 although the saxiaus value observed was 
2.85 at 299 = (Cruise III, Statics C3). 


3-2 SEDIMENTS 
3.2.1 SEDIMENT CLASSIFICATION 


Sediments were classified iate categories using the grephicai 
sediment triangle representing percentages of sand, silt ané clay in the 
sample. Forty-five stations were sampled during « total of five cruises. 
Five of these stations (C1-C5S) were cooupied three tises and four (f1~-f}, 
BS) were occupied twice. This resulted is « total of $9 station 
measurements with replicated sediment seasurenents. 

As sumearisceéd io Figure 20, the sost comsen (over 55% of the 
stations) sedigent type was silty-cley found in all areas of the Gulf. 
There were #41] amounts of variation of the ratios of sand:siiticlay 
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Figure 19. Variation in particulate organic carbon at selected depths 
measured at ) stations (W4, C4, E4) across the Gulf during 
Cruise ft. 
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6! 
wittis this type, Cepenting of the areas of the Gelf seaplet. Ie the 
easters Gulf this type bet sligetiy higher percestages of sent than ic the 
weeters or ceptrel erees. Along the Coptral Treteect, there were slightly 
higher percentages of silt thes clay et the Geeper stations (C5 ant C1). 

The seceed gost commen setieest type was clay. represented by cleo 
stetions is the weeter= ent central Gulf ot reletively shallow stetions 
(<1228 «). BMetioes with clap setlecets were relatively eal fors-~-t.«., 
wit® little waertetion is the sent-silt-clay prepertiona. 

Senty cley wee cheerved te the westers Gulf ot Mations ¥!, 4. i of 
Cruiee ily at CS of Crelee FT; and le the eastere Gelf et Station fF os 
Creiee Il. &* Stetios & of Cruise If, the setieest was preteeioestiy 
cley with epprenioetely eguel eisteres of sent ent S11t, compere’ te the 
Weeters Tramsect stetioe whieh bet sent Le Bigber preperticoes thee sit. 

The setieest type *send-slit-cley* bee eppresiaately equsl 
preopertions of each setieeet sise freetion. Sené-elit-clep setieest was 
fount is the eastere Gulf ot Stetions Ei, fib, Bie and Ede (at these 
shallow stations cley wes the geet the three pereeeters ant 
sent wes the sealiest freetion) eed at Bf where cley wee the lergest 
frection bet the sand propertion was bigver thas silt. 

ation WG-4 (Cruise ¥) wae Giffiewlt te characterize beceuse of the 
verietion eeeng the sia replicates. Silty cley is prebebly the beet 


Classification based of everage ralves. 
3.2.2 SEDIMENT ETDPOCAMmOES 


Setieente on the Gulf of Mexloe coetinestal slope coetele « sisters 
of terrestrial, petregenic en¢ plenktenic-seurceé byérecertess. The 
welecularmlevel alkane Gistribution wes sielier is a)) senples, bet the 
questitetive Lepertance of the three sajer sources varied with locetion, 
tiee of sampling, ant Gepth. Ffyérocarten concentrations were relatively 
enifors serees the slope, gives the large geographical ares stedics. 


Concentrations (ug/gn Gry weight of sedieent) ranged free 46 te 2 
for extrecteble ergeniec satter, free 0.1 te 5.2 fer the aliphatic 


bypérocartens, and free O.7 te 814 for the aliphatic caress) reé-coupier- 
sistere (Tele 1). & comperioee with previcws stedies showed thet these 
coneentrations were generally lower than reported valees for Geil or 


Mexico setlieests. However, the baseline values were priserily fo coastal 
ant shelf seti sents. 

inéivigwal typérecertes coppounts were Getectet at concentrations of 
@2) te 5 pe/ew. Te geveral, the qualitative eolevular-lerel aleace 
Cletripetios was sieller et 4)) sites semplet. The Goeinest coreal alkene 
Copisest S-aikeses were consistestiy &-C,, or ⸗0 The slkene 
Cletribetiosn ts seeples free the Coetral Treseect Gering Cretiee I are 
typical of a1) lecstions saapled (Fig. 21). Detailed setisest tyérocertes 
Gote for eech station are fount ts ippenticns 4, 34, ant 3-4. 


3.2.2.' Bréreserben Soerves--The speroecs 


Helecelar-levrel eeé¢ Delt paeremeters cae be Geet te eetiaate the 
relative Lepertesce of byérecertes seurces ot & gives lecetion. These 
pereeeters are based of the presise thet « tpGrecertee source bes & unique 
*fiagerpriet*®, Peeegeizedle suite of compewnés. te satere, 
bowever, few unique ené-senbers coour. Several ¢lagpestic ia¢iceters were 
sonitered te better eaderetand the ¢yeanios of byérecebons is Geil of 
Nexiee slope setiaents (eee Table 1). 


Table |. Suggested eeleceiar~level Le¢iceters of specific hyérocertes 
sources te sediecets of the Gulf of Mexloe coetinestal slope. 


— Sompeens —R Morevialios 
Cig oye Pristene§ = Planktonte/Petreleus m1 
O-Cogs ve go S08 Paytane Petroleum (Planxtenic?) PE-Le 
mCog, at 20° 91 Land/( Petreleuws) Tree 
— o6+ 28+ 90 Petroleum (Biogenic) reas 
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Onrese) vreé-Comples-Misture Petroleum ( Biogenic?) 


Certeia seseusptions seed te be wadersteocd ie order te preperiy 
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B-Crg, S-Cry, B-Cyg SOS pristane, So the presence of these compounts cas 
iegicate « placktonic byérocartes source (Pl-!). Petrolecs also contains 
these compounds, but esually alec comptaizas comparable azcusts of the 
alkanes o-C.¢, a-Cig, S-Cop, ant phyteme aswell. Thes a low solecular 
weight petroleus indicator (PE-Le) can be ceed te assess the petrolece 
component of the plamkteonic to¢iceter. Te sake this calculation we assure 
thet the coetribetion of petrelees te each inéiceter is equal; therefore 
the plamkteaic componest cas be isferred af the Ciffference between FL-' 
ané PE-Lo. Straight chais Diowaxes with o-Coc, O-Cyy, O-Cog, ane O-Cy, 
alkenes bere bees eset extensively as oc Loticater of terrestrial or lend- 
Gerivet input. As suck, the sus of these four sorwal alkanes can be eset 
te teéicate the terrestrial (TERE) byérecartes composest. As with the 
plesktesico te¢icster, these soreal alkanes can alec bave & source is 
petrolees. Ageis, is general, petroleum alse contains & near equal emcust 
Of the even alkanes &-Coy, O-Cog, O-Cog, O06 B-Cyq (PE-Bi). As in the 
plesktosic tedicater, the terrestrial component can be estiaated by 
subtracting the PE-Ri from the TERR comcestration. Platts theaselves cas 
alse contais significant amounts of Ledigencus even carton alkanes; thes 
this type of iedicater prevides « seasure of saxiause petroleuvse 
contribution ané « sisises terrestrial contribution over this sclecular 
weight range. Is sumeary the plasktoanic ieput is estiaated as [(PL-1)- 
(PE~Le)), the terrestrial tepet as (TERR)-(PE-81)), and the petrolece 
iapet aos ((PE-Le)o(PE-81)). These paeraseters are esed to aseess 
hyé¢recartes inputs and set Selk organic satter sisce hydrocarbons 
represest only « spall frections of the tetal organic cartes presest is « 
sediment. 

These perapeters, with the above mentioned lisitetions, can be used 
te stedy the bypérecartes dynamics of the continental slope as « functions 
of water Gepth, location, end tiae of seapling. Alsee included is the 
evalustion of parameters such as the unresclved-comples-sisture (TCM), an 
iedicster of petroleum iaput; the carbon preference index (CPI), an 
Lediceter of the relative eaousts of of¢ and even soreal alkanes; and dulk 


secisent characteristics. 
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3.2.2.2 Areal Distributics 


Cruise II assesseé the distributions of sedisest hyérocarbdons os 
transects from the central, westers, asé easters Gulf of Mexico 
costisenstal slope. Extractable organic satter (20M) is a composite of 
biogenic and petroleum related saterial. Extractabdle orgasic satter 
comcentrations were generally lowest on the dasters Transect and searly 
equal on the Western and Central Transects, with the exceptics of Statics 
Wi (Pig. 22). The aliphatic unresolved-complez-aixzture (UCM), « petroleus 
indicator, was sisilar over all three trapsects though slightly elevated 
in Western Transect sediments (see Table 1). The elevated BOM at Station 
Wl was due to an increased UCM 1.e., petroleun componest. 

The amount of terrestrial hydrocartdons decreased from the Central to 
the Western to the Eastern Transect (Figs. 23 and 24). Terrestrial 
byérocarbdon concentrations, as indicated by the sua of B-Coe, B-Cor, O- 
Cogs and mC, (TERR) concentrations, were relatively enifora with weter 
Gepth on the Central and Western Transects; whereas terrestrial 
hydrocarbons increased with water depth on the Eastern Transect. The 
influence of the land- and/or river-derived saterial was readily apparent 
in all three regions and accounts for a sajority of the GC-rescolvabie 
alkanes. 

In general, planktonic inputs accounted for less than 10% cf the GC 
resolvable alkancs. Sedisent biogenic hydrocarbons on the slope were 
Gominated by the more resistant terrestrial components and the degree of 
éGominance was a function of proziaity to the Mississippi River and delta. 
The steepness of the slope and the prevailing currents affect the observed 
distributions as vell. Planktonic inputs were low and often ¢ifficult 
to discern on the Central and Western Transects (Figs. 23 and 24%). The 
planktonic input was generally higher at the shallower stations of these 
two transects. The low planktonic hydrocarbon concentrations on the 
Central and Western Transects aay be due to a high sedigentation rate 
and/or dilution with riveriae sateriel. On the Eastern Transect the 
planktonic input was discernible and relatively constant with depts. 

Petroleum inputs, seasured both by alkane paraseters and the 
unresol ved-complexz-mixture, were detected at all sites (Figs. 23 and 24). 
In general, petroleus input was greatest on the Central Transect, with 
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Figure 22. Varistion in extractable organic matter (E0M) and the aliphatic 
unresolved complex @ixiure (UCM) along transects in the eastern, 
western, and central Gulf of Mexico continental slope. 
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Figure 23. Variation in hydrocarbon source parameters along transects 
in the eastern, vestern, and central Gulf of Mexico continental 


slope. 
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Figure 24, Variation ic planktonic, terrestrial, and petroleum hydrocarbons 
along three transects presented as 4 Cumulative concentration 
(i.e., the first concentration plotted is terrestrially sourced 
hydrocarbons, second is terrestrial + petroleum, and third is 
terrestriazi * petroleum * planktonic). 


lesser amounts at the Westers and East<re Transects. ia Snes 
of petroleus-sourceéd byérocartons indicates relatively low concestraticas 
at all lecatioas. To éetergize if the petroleus hydrocarbons detected 
were ¢ue to transported terrestrial particles (sost likely by sass 
povement and turbidity flows after initial deposition sear the river's 
south) or to upward sigration from deeper reservoired petroleus, the 
petroleum indicators were compared with the terrestrial and planktonic 
indicators (Fig. 25). These comspariscas suggest a dual source for the 
sedizent petroleum by¢rocartons. Low sclecular weight hydrocartons (PE-Lo) 
correlate with a terrestrial input on the Easters Tramsect, but sot on the 
Central and Westerns Transects. The bigber solecular weight petroleus 
indicator (PE-Ri) also correlates with the terrestrial indicator (TERE) on 


the East but not on the other transects. 4. estisste of the amount of 
petroleum bydrocarboas is provided by the UCM. The UCM was generally 
independest of the planktonic or terrestrial isput (Fig. 26) which 
suggests an additional source of bydrocarbtons (such as upward sigratics 
from deeper reservoirs) on the Central and Western Trapsects. An anomaly 
was seen at Station Wi, which contains petroleus bydrocarbeon 
concentrations that were significantiy elevated is svaparison wits otber 
Western Transect stations. 

This attempt te correlate petroleum and terrestrial sedisent inputs 
assumes that the ratio of petroleus to terrestrial byérocarbons 
transported to a location is constant with tise, which gay or say not be 
true. However, extensive natural hydrocarbon seepage bas been documented 
on the Gulf of Mexico costinental slope, further supporting natural 
seepagc a8 & sajor petroleus hydrocarbon input to Gulf of Mexico 
continental slope sedisents. It is also evident that some fraction of the 


petroleum bydrocerbons are transported to the slope by river/ lané-derived 
particles gost likely by secondary sovement such as slusps and/or 


turbidity flows. 


3.2.2.3 Tempore) Variations 


Cruises I (Noveaber 1983), II (April 1964), and III (November 1984) 
sampled S« “entral Transect in an attempt to document variability between 
sampling The distribution of BOM end aliphatic OCM during these three 
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Figute 25. The relationship between alkane petroleum indicators and « 
terrestrial indicator. 
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Figure 26, The relationship between the aliphatic unresolved complex 
mixture (a petrolews indicator) and the planktonic and 


terrestrial alkane indicator 
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sampling cruises is shown is Figure 26. Os an average, the aliphatic OCH, 
& petrogesic isdicater, was highest os Cruise I (Fig. 27, Table 1). OCH 
comcestratices during Cruise II and at the shallower staticas (<1500 a) of 
Cruise III, were sisilar. uring Cruise III the OCH was sartedly bigher 
at stations deeper thas 1500 = thas bad bees observed on Cruises I and II. 
Molecular-level inéicaters were sigilar along the Central Transect ¢uring 
Cruises I anc II (Figs. 28 and 29), but substastial differences were also 
obeervet on Cruise III at depths greater than 1500 «. 

Significant variability with depth was observed during Cruise III 
sampling. Shallower stations (<1500 =) Guring Cruise III were lower is 
bycrocarbess than the two previceus samplings, which suggests ¢ilution by 
imorgesic material. Compared with Creises I and II, terrestrial 
by¢rocarbonas were significantly reduced over the entire transect. The 
Geepest stations (>1500 =) on Cruise III bed elevated levels of petroleus 
by¢rocartons. This is substantiated by the hydrocarbon-source paraseters 
previously discussed (Figs. 26 and 29). Examination of cartons preference 
iodex (FI) distributions and ges chrosatograeas suggest the presence of 
relatively fresh petroleum hydrocartens, probably from oil seepage, at the 
deepest stetions (Fig. 30). Stations CT also bad « low CPI, suggesting 
anogalowsly high petroleus bydrocarbons. These differences between 
Saapliage sost likely represest the patehisess of byérocarbosn 
Gistribduetions rather than a temporal change such a8 a6 influx of 
hy¢rocarbons. Station C7 was later documented to heave of] seep-community 
organisas in residence. 


3.2.2.5 Yarsability Alona isobaths 


Cruise ¥ in the eastern Gulf of Mexico cccupied stations along three 
isobaths to assess lateral variation is the seasured paraceters. 
Rydrocarboan parameters are sumsarized in Table 2. Bulk and scolecular- 
level bydrocarbons parameters were low during this sampling and represent 
some of the lowest values seasured during this study (Table |). Therefore, 
the variability observed along this tremsect is gost likely 4 saxiaua. 
Cruise ¥ saapling sites were also chosen to contrast sedisent texture 
which will alse contributes to the high degree of variability of 
hy¢rocardon parameters observed. The aliphatic OCM and total BOM varied 
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Figure 27. Variations in extractable organic matter (EON) and the aliphetic 
waresolved complex Siature (UCM) during 3 samplings of the 


central transect. 
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Figure 28. Variations in hydrocarbon source parameters during three 
samplings of the central transect. 
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Figure 29. Vartetion in plaskton, terrvwetrial and petroleum hyérocarboens 
during three samplings of the central transect presented a6 « 
cumulative coOwcentration. 
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Variation in the carbon preference index (CPI) a6 4 function 
of depth along the Central Traensect during Cruise Lil and 

& representative fused sliice ges chromatogram o« the 
aliphatic hydrocarbons from Station ©), Cruise IIl (CPI « 
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Table 1. Waertebility is trérecertes perapeters along iscbeths ~- casters 
Gulf of Mexico 
Depte (a) pa2-38) $1 $490 £1 5-859 
Parameter bet net nes 
$s al 1 4 &.7 baad 5.9 s.9 al 82 
{ 9.7) { 6.8) { $.8) 
8.7 al 5.8 8.5 band 3.8 8.7 . J 1 
{ 3.8) { 1.8) { 4.9) 
7 5 > ".1 8.1 head 59.1 4 5 e aa ' 
(“.») (29.9) { 23.4) 
BO- 48 3.9 =~ 179.8 2.8 = 187.5 
(95.9) (78.4) (121.6) 
3.3 bad 100.7 13.5 eo 8 14 = 7.3 
(%.2) (21.1) { 18.8) 
a8 Saad 30.3 70.4 o 53.1 7.5 = 77.4 
(22.3) (33.1) ( 88.4) 
4 e a9.8 78.6 e 6.7 $.9 = 99.5 
(33.6) (85.4) { 72.8) 
33.5 al 118.3 Le) bead 67.9 28.5 al 103.3 
(ppm) (78.5) ($8.3) { 67.8) 
Pianwtonic! 0.0- 2.8 0.0 =- 2.1 O0- 17.5 
(ppe) { 0.7) { 9.5) { 7.3) 


“O-Cres 18s 20 
(Pi-t) « (PE-Le). 


Average. 
2p Lt . ta-C i, 7. 1s ané Pristene; Ter . im-Cos, bee 2% 31) PE-~Le . 
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by factors of 1.7 to 7.6 at a given depth. Molecular-level indicators 
(i.0., individual component sums) varied by a factor of 2.0 to 74 along a 
gives isobath. Thir data suggests that, at these low concentrations, 
hydrocardons are as variable along isobaths as they are with water depth. 
This again emphasizes the patchy sature of hydrocarbon distributions. 
Bulk sediment paraszeters varied by as such as a factor of 3 along an 
isobath illustrating the variations observed in sedisent texture. 

Samples along isobaths in the central and western Gulf were also 
taken. Stations from Cruises I, II, III and IV at 350 = are cospared in 
Table 3. Tho variability in hydrocarbon parameters reflecting terrestrial 
input show the greatest variation, i.e., as such as 40 fola. The 
planktonic indicators are also highly variable, sost likely due to 
dilution with terrestrially sourced material. Bulk paraseters such as 
clay content varied by a factor of 2 and sand content varied from 0.5 to 
36.6% at these siz locations. These variations reflect the substantial 
influence of river/land derived saterial. Three samples from Cruise IV 
along the 550- and 750-a isobath were relatively unifors. The lateral 
extent covered at these isobaths was small relative to the 350-a isobath 
sampling. Bulk parameters were also uniform along these two isobdaths. 


3-2.2.5 Aromatic Bydrocarbons 


Sediment aromatic hydrocarbons were below the detection limit (5 
ppd) at all locations sampled. The presence of aromatic hydrocarbons at 
low concentrations was inferred by total scanning flucrescence analyses, 
supporting the conclusion that a low level petroleum input was present at 
all locations saspled. 


3-3 CARBON ISOTOPES 
3.3.1 SEDIMENTS 


The cardon isotopic composition of sedimentary organic satter for all 
five cruises is summarized in Figure 31. Isotopic data confiras the 
previously inferred influence of river~borne terregencus saterial on the 
Gulf of Mexico continental slope. Though there are numerous complicating 
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Table 3. Variability in hydrocarbon paraseters along isobaths - 


west/central Gulf of Mexico. 


Depth 298-371" 547-550° 788-759" 
Parameter ns6 as} as} 
Total EOM 15.9 - 61.3 17.8 = 23.9 17.0 - 57.9 
(ppm) ( 34.5) ( 20.6) ( 30.9) 
Aliphatic UCM 6.0- 31.8 6.9- 7.9 5.6 <- 11.9 
(ppm) ( 15.6) ( 7.6) { 6.8) 
PL-1 36.3 - 178.9 87.5 - 65.3 50.0 - 68.0 
(ppd) (121.8) ( 56.8) { 59.9) 
TERR 93.4 - 1062.8 109.8 = 273.1 169.7 baad 180 5 
(ppb) (5% .7) (201 .2) (176.3) 
PE-Lo 36.2 @ 154.5 39.1 = 52.5 53.4 - 58.9 
(ppb) (100.3) ( 43.7) ( 85.2) 
PE-Hi 70.9 e 279.7 60.6 -121.9 58.0 @ % 6 
(ppd) (172.2) ( 99.8) ( 68.8) 
Te 22.5 ~- 0.6 29.2 = 252.2 83.9 = 130.8 
(ppd) (378.5) (101.7) (111.5) 
Petroleuz 123.3 hod 388.0 119.7 bead 161.5 91 4 toad 180.0 
(ppd) (127.4) (183.2) (110.1) 
Planktonic O.1- ST.7 8.0 - 2.2 6.6- 19.1 
9ppd) ( 21.5) ( 12.7) ( 18.7) 


'Cruises I, II and III, Stations £1 and Wi; Cruise IV, Stations WC! and 


2stations WC2, WC8, WCS. 
tions WC3, WC9, WC10. 
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Figure 5). Summary of the carbon isotopic composition of gedimentary 
organic matter from all five cruises (4'*C in “/oo, ve. 
Pee Dee Belemite). 
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factors, is general a sore segative carbon isotopic composition suggests 
greater land influence. Terrest:..<lly sourced organic material, ¢el ‘3c 
varies from approxisately -25 to -28° °/°°, while planktonic-derived 
carton Gel ‘3c varies from approximately -16 to -21 °/°°. As can be seen 
the average del ‘'3C of sedimentary organic material is most positive at 
the eastern stations, most negative at the Central and Western sampling 
sites. This trend suggests an increased influence of planktonic saterial 
at the eastern sites. In general the average del ‘3c suggests « 
substantial planktonic contributios to the bulk organic satter, whereas 
the hydrocardons are generally dominated by terrestrial sources. 


3.3.2 OMANI 


Stable carbon isotopes have been widely used is sarine research to 
trace the flow of carbons in ecosysteus aad the biogeochemical systeas 
(Parker 1964, Sackett 1964, Calder and Parker 1966, Haines 1976, DeNiro 
and Epstein 1978, Baines and Montague 1979, Fry and Parker 1979, Fry 1981, 
Gearing et al. 198%). Several assuaptions are inherent in their use 
including (1) a relatively constant isotopic composition of organic carbon 
produced by each plant source, (2) an unchanging isotopic ratio in plast 
carbon as it decomposes and is broken down into detritus, and (3) little 
or no isotopic fractionation between consumer and its carbon supply. 
Gearing et al. (196%) have recently provided an excellent review of the 
carbon isotopic literature relating to these assumptions. 

The first assumption is generally applicable within a few parts per 
thousand for sarine plankton. isotopic variability is sarise 
phytoplankton has been correlated with species composition, temperature, 
water masses, latitude, and del ‘3c of the inorganic carton that is fixed. 
Little isotopic fraction is generally observed in the serodic 
decomposition of organic satter in seavater. They observed an overall 
pattern of increasing carbon isotope ratios with trophic levels, 
progressing from diatoms (-20.3 °/°°), to sooplankton (~19.8 °/°°), 
meiofavoa (-19.5 °/°°), non-carnivorous sacrofauna (-18.6 °/°°), and 
benthic predators (~1.6 °/°°). Similar patterns have been documented in 
other studies and support an isotopic shift of a few parts per thousand to 
sore positive values with increasing trophic level. The organism tissue 
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isotopic data for all five cruises is sussarized is Figures 32 acé 33. 
Most of the organises appear predominantly phytoplankton sourced. 


3.8 ORGANISK EYDROCARBORS 


Eyérocarbdos levels is Gulf of Mexico slope organises were highly 
variable. Total resolved alkanes in samples from Cruises I, II and III 
varied from son-detectable to >8000 ppd (Fig. 34). Due to the variety of 
organises and organ types analyzed, trends in wariations as a function of 
location, water depth, and tise of sampling are difficult to discern. The 
species collected and analyzed were highly variable thus saking direct 
comparisons difficult if sot isgpossible. Wo trends in hydrocarbon 
distributions were evident as a function of any taxonomic group of 
organisas evaluated (Fig. 34). Of the organises analyzed, decapods had 
the lowest iacidence of hydrocarbons cecurrence in suscle tissue. More 
then ~75% of the fish suscle tissues analysed contained detectable 
hydrocarbons. However, there were no detectable hydrocarbons in several 
species, prisarily shriap. The sampling was often ligited toa single 
individual and therefore cannot properly represent the entire population. 


Figure 32. 
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Summary of the carbon *— composition of organisa 
tissues by organism type (6'°C in o/ou ve. PPB). 
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Figure 33. Summary of the carbon isotopic composition of organiem tissues by transect and organion type 
for all five cruises (46'*C in o/oo ve. PPR). 
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Figure 4. Swamary of the total alkane concentration in organics 
tieewes for Cruises I, If and Itt. 
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5.0 EICLOGICK CEMPOORAPE! OF THE SOFTEE CUT 
OF EITC CONTINENTAL SLOPE 


Tee feusal groups Clecuessed is this study ieclede the selofeucs 
(0.565-0.3 es), collected by bes corer, the secrofeuns (greater thas 0.3 
se is sise) slse cellecteé ty bes corer, and the segefeuca (both 
loverte=retes ant Gepereal fiates), which were collected by trevlirg. OF 
these groupe, caly the selefeuns ant certais secrefeunal grovwps, suck as 
Sewpstots, Sarpectioeiés, Ciserhyects, en¢ « few others, were sot 
iGeetifiet te the species level. 

The results of the five cruises Clecussed is this report suggest thet 
it Ls Sew peesible te predict with « reapemedle Gegree of cortalety the 
basic coupesiticos of the feunal comnesit\es on the sertbhers Gulf slope 
between the J00 and 2500-0 Lecbethe lying betwees 06° anc 98° west 
lengitede. Fuerthereere, it is alee evidest thet there is « reasonadic 
Gegree of agreement between the faunal fletings Ciscusset is 4 previous 
MMS stedy of the Gulf (Pequegeat 1983) and the presest HM study conducted 
by WL. This is cet te sap thet siguificast sew dlecoveries bere sot bees 
sete, for they bave. For testaence, the ¢iseovery of the *seep 
coppenitios® ts the sorthoestral Gulf goes wel beyond the recognition of 
& eelque Eliot of community is thet it shows that satter end energy 
regections can be & sajer factor lisiting community Gevelopmeents is the 
ceep see. Alec, it is very Lepertest te sete thet sew species of 
orgesions bheve bees enoovereé Geriag every eruise. The sumbers of sew 
species is seckh seerefeessl growpe a8 the Tanaideces, Comeces, and 
Beteprecta, te seation bet « few, were set apticoipeted. Very likely the 
seme would be tree of the selefeune were we te stedy it letensively. ore 
surprisiag, perhaps, is the fect that « rether lerge cusber of sew species 
eee fTiret recerts for species were revealed by & careful stedy of the 
weegefeenal Gecepets alone. for imetence, twe sew species of galatheics 
(im the genere Mupigepeis ⸗ Pari iadiorhrecbes) ere being Gescrined (1.4 
and ¥.E. Pequegnet), twe sew species of brechyeres crede ie the genus 
Cyeenemes are being Geecribed by D. Felder, & sew pagurid te the genus 
Parepegeres is belng Geecribed by F. Lewaltre, and twe sew species of 
cariéeans, vis., Bytbeocaris sp. 4, en¢ Paleeponelis tp 4 are Deine 
Gescribed by F. Heard. 


Tee susber of species of gecapods found for the first tige is the 
Galf or that are coasi¢ere’ extrecely rare by specialists is too large to 
éetail bere, duet the tally is en iapressive ose. 1 copplete list of the 
species idestified froe Cruises I-7 from all sampling efforts can be found 
is Voleme Ill of this report series. 
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A total of 43 gajor groups of selcofauna were identified. Of these, 
representatives of five taza of permanent setofauna (Neszatoca, 
Barpacticoida, Polychaeta, Ostracoda, and EKisorhyncha) along with 
temporary seiofauna (naupliar larvae) comprised 98% of the seiofauna 
collections. Counts of protozoan Forasinifera were not included is 
analysis of the mseicfauna. Nematoda were the sumerically dominant taxon 
throughout the collection; however, the larger, but less abundant 
Polychaeta were the dominant contributer to the seicfauna bicwass at sost 
stations. 

Figure 29 shows regressions of the log cf the numbers of seicfauna 
and sacrofauna plotted against depth for all stations in the study. The 
Gensity of the selofauna was approxisately two orders of sagnitude greater 
than the density of sacrofauna throughout the depth range sazpled. The 
Gensities of seilcofauna were siagilar to those reported by previous studies 
at slope depths in the southeast Atlantic and the Gulf of Mexico (Theil 
1983). Density of seiofauna generally decreased with increasing depth; 
however, there was considerable variation among replicated sazples. The 
decrease in density with increasing depth was sost constant asong the 
Central Transect sampling stations and most variable among the Eastern 
Transect stations. The regression plots in Figure 35 suggest that there 
was a three-f7ld decrease in the density of seiofauna and a two-fold 
decrease in the density of msacrofauna between 300 and 3000 = depths. 

Figure 35 also shows regressions of the log of approxigate wet weight 
for meiofauna and sacrofauna. Approximate wet weights per =* were 
calculated by multiplying the densities of each of the 3 seicfaunal and 
44 gacrofaeunal groups, respectively, by appropriate estiagates of wet 
weight per individual (Rowe et al. 197%, Fauble 1962). As with density, 
the approximate wet weight of both groups decreased with increasing depth. 
In this case, however, the rate of decrease for sacrofauna was slightiy 
greater than for seiofauna. The regression plots ia Figure 35 suggest 
that there was a three-and-one-half-fold decrease in the biomass of 
melofauna and a four-fold decrease in the biomass of sacrofauna between 


300 and 3000 = depths. 
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Figure 35. Relative occurrence of meiofauna and macrofauna with depth 
at all sampling stations. Upper plot shows log of density 
per square meter. Lower plot shows log of approximate 
biomass per square meter. 
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8.2 MACROPADNA 
3.2.1 INTRODUCTION 


Mecrofeuna was Gefined arditrarily for the purposes of this study as 
those organises collected with box corers ané retained on «2 0.3 ae sieve 
and thus represest such sxaller sizes than one typically finds in other 
sacrofaune sagplings which bave used 0.5 as or 0.42 ae sieves. 

Sasples from the sacrofaeunal component of box cores contaised 18 
phyla, which were separated into 1569 differentiable taxa. ‘Specisens were 
routisely identified to the lowest possible taxon, except for those 
belonging to three sajor groups is which severe taxonomic difficulties 
were encountered: Copepoda (prigarily barpacticoid copepods), 
Aplacophora, and Scyphozoa. 

Species-level identification was atteapted for all but the three 
groups of macrofauna sentioned above. For these groups, approziaately 90% 
of the individuals were identified either to genus or to species; 71% of 
the taza were identified to species. Specisens that could sot be 
identified to species were usually either a) juveniles that bad sot yet 
developed the requisite taxonomic characteristics, or b) specigens that so 
longer possessed in an intact form the sorphological structures necessary 
for positive identification. Loss through autotogy or damage to sose 
structures (e.g. sicroscopic appendages on crustaceans) is an unavoidable 
consequence of collection and preservation for some of the sore delicate 
species, no satter how carefully the samples are handled. The small sizes 
of the sacrofeunal specimens froa this study were remarked upon by sost of 
the taxonomic specialists, making aceatification to the lower taronosic 
levels such sore difficult because ‘a most cases the szall sizes 
represented iasature speci sens. 

Nearly all secrofaunal species were infaunal invertebrates, although 
some forms commonly found on surficial sedisents (nominally *epi fauna") 
such as ophiuroids and echinoids were taken by the box corers. There were 
more anpelid taxa than any other sajor group of organises. Vine 
Oligochaete and 626 polychaete taxa were identified, accounting for over 
S03 of the total sumber of taxa. 
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3.2.2 COMMELTY STRUCTURE 


i 

Table 4 lists the 40 sajor sacrofeunal groups iz decreasing order of ' 

total sumerical abundance over all five cruises, for all stations J 
together. It also gives Leferaetres on susber of taxa identified is each 
group, ané relative sumbers of taxa identified to the specific, generic, 

an¢ bigher taxonogic levels. J 
Specisens belonging to the first 20 groups accounted for 993 of the 

total sumber of individuals collected. Siz taxonomic groups (Polychaeta, 5 
Ostracoda, Bivalvia, Tamaidacesa, Bryoscos, and Isopoda) accounted for MS 

of the total sumerical abusdance. Counts of bryoscans sainly included 5 
Single, sore-or-less istact colonies. An attempt was sade to avoid 

overestimating bryozoan abundance by not counting multiple, broken pieces a 
of colonies. At the species level, gost sacrofeunal taxa were represented 

by very few individuals (Fig. 36). For example, over 550 species, J 
excluding the polychaetes, were collected five or fewer tises (only 1 to 5 

individuals total, for all samples combined). 5 
Table 5 lists in rank order the dominant 50 species cccurring at all 

macrofaunal stations combised. The list includes 28 species of | 

f 

i 

i 

i 

i 

i 

i 

i 


polychaetes, siz bivalve sollusks, three species of ostracodes, two 
isopods, two amphipods, ome sponge, and one semertean vwors. 


Based upon preliaisary calculations, the overall density levels of 
sacrofauna among study area sampling stations (not including sesatodes, 
non-myodocopan ostracods and copepods, considered seicfauna) ranged fros 
about 518 specimens/m* (Station C12, Cruise III) to 5369 specitmens/s* 
(Station E28, Cruise IV). As soted, these overall density estisaates are 
preliminary. Other than excluding some obvious seicfaunal formas retained 
on cccasion in the sacrofauna sieve, we have not, as yet, exagined the 
collection lists and deleted other forus that should not, by convention, 
be included in our secrofauna designation. These changes, once sade, are 
pot expected to have any detectable effects on the overall abundance 


trends. 


GorwwwveF@n-—-—MNKM-SUnttO- -— NK HK NK KK MK K OO — — — — — 


* 
Bo. iden. 


Iedividesl Wo. Iden. So. Iden. To Family Or 


S-OP Ve -commeaelnoht-mmoon-o--SOS0SS99900-990 


414 
18 
4) 
168 
82 
119 
50 
0 


Re ZekNwcoeter-encomotSoooo-onmoooece 


! 


To Species To Cenus Higher Taxs 


Zeo-Rfrelen-me- et -— - MONK NM MK NK KK 


626 
19 
$s 
186 
99 
133 
79 
! 
2! 
17 
37 
86 


Tetal Bo. 


SU SSRESSSESTSRERSSSeesenansrcoeenn enn 


Relative sbundance of asjor macrofaeunal groups. 
Bo 
Individuals Forus 
24315 


Table 4. 


: 
. : s $3 é 
—D — — LEME : 


BEST COPY AVAILABLE 


100 


Figure %. 


NUIBER OF INDIVIDUALS 


Plot of aumber of sacrofaunal species versus ouaber of 
individuals showing the great number of species that 
were collected few times compared to the fewer species 
that occurred in large sumbers. 
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Rank order of dominant sacrofaunal species. 


Table 5. 
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The overall regics, seasons, year by depth patterns of secrofsccal 
abunéance are shows by Figure 37. From inspections, sbun¢ance appears 
somewbat bigber on the Cectral Transect (x«3156/a7) than on either the 
Easters (x=2695/2*) or Westera Transects (x=2100/2"). Based upon the cate 
from the Central Transect, spring abunéance levels (3156/27) appeared 
higher thas fall ebun¢ence levels (x ranged from 1657 te 1987T/a*). The 
senusl é4ifferesces betwees the fall collectices of 1983 and 1984 oc the 
Cestral Tressect asd the spring collecticoes of 1984 aad 1985 oc the 
Eastern Transect were 330 ané 169/a*, respectively. This compares te 
regional <ifferences ranging between S61 and 1056/a*, an¢ seasonal 
éifferences ranging from 1169 to 1299/a". Annusl Cifferences appear less 
thas regional en¢ seasonal wariation is sbundaence. 

Os both the Eastern and Vestera Trensects, on overall Gecline of 
maecrofeunal Geasity with Gepth is clearly ltedicetet, eves though there are 
some exceptions at the shallower of the sampled depths (Fig. 37). Ge the 
Central Tramsect, the cbeerved treed of sbundance decrease with Gepth is 
isterrupted by a6 apparent abuedaence peak at the 1400-8 Geep station. 
Iecreased sampling istensity on the Central Tramsect, sot only valideted 
the 1400-8 peak, but yleldéed date suggesting even higher ebuatance wes 
present at abowt 1000-8 depths (Fig. 38). These apparent differences will 
be examined is detail is the Tear 4 Fieel Bepert. Seffice it te say sow 
that we believe the “asomalous* abundance peaks to be related te 
physiography and/or proziaity to chemosyntbetic seep communities. 

Results of sampling along iscbaths is beth th« Eastera (Fig. 39) and 
Western (Fig. 80) Transects yielded consistent results is teres of overall 
Gensity, exeept for some of the pleseed contrasts of sedigent type, 
proziaity te seep communities and topographic features. The exceptions 
were unexpected low densities at Stations E2D and £} on the Easters 
Tramsect. All of these ¢ifferences (those accountable by Gesige and those 
unexpected) will be evalusted is the Tear 4 Annual Peport. 


5.2.4 MACRPOPAOMA DIVERSITY PATTERES 
The diversity evaluations sede is this repert are dbesed upon 


comparisons of the  lodex applied te Geta for species only. Free review 
of these Gate end suppertiog ledices (evenness an¢ ricbeens) it is 
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Comparative lewele of mecreofaunal dGensitios by region, season, year end selected depth 
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MACROFAUNA DENSITY, TOTAL 


CENTRAL REGION - FALL 1964 


Figure 34. Comparative levels of macrofaunal density by depth on the Central Transect, Fall 1984. 
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Comparative levels of macrofaunal density along selected isobaths in the Eastern Gulf of 


Mexico during Spring 1985. 


Figure 39, 
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MACROFAUNA DENSITY, TOTAL 


WESTERN to CENTRAL REGION - SUMMER 1965 
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Figure 40. Comparative levels of gacrofaunal density along isobathe between the Central and Western Gulf 
of Mexico sampling transects, Summer 1985. 
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apparent that gost of the differences in the overall index are 
attributable to the richoess aspect, which is greatly influenced by sazple 
sise. Is the lear § report, rarefaction analysis will be used to offset 
the confounding effects of sample size on the diversity evaluations. 

The regional, seasonal and yearly patterns of sacrofeunal diversity 
by depth are presested is Figure 41. <Altbough the treads are sot 
promounced, diversity appears to decrease from east to west and to bave 
bees somewhat bigher is fall thas is spring on the Cestral Transect. 
Differences in fall diversity levels between years on the Central Transect 
were cegligible, but spring 1985 diversity levels on the Eastern Transect 
were gwargizally higher than spring 1964 levels (Fig. 41). 

The most consistent depth trend was a marked decrease in diversity 
between the 1400-a deep and 2600-m deep stations on each transect. There 
also appears a tendency of a slight diversity increase between the 
shallowest station (“350 =) and some of the sequentially deeper stations, 
yielding somewhat skewed, dome-shaped diversity curves over the depth 
range sanzpled. 

The data obtained from sampling a higher density of stations on the 
Central Transect is fall 1964 enabled a sore detailed examination of 
sacrofauna diversity levels over the sampled interval (Fig. 42). 
Diversity appeared to increase slightly from Station | (355 = deep) to 
Station 3 (850 = deep), and from there decreased with depth down to 
Station 9 (1428 = deep). <A slight peak was observed at Station 4 (145 «= 
deep), after which the diversity level once sore declined gradually over 
the depth interval between 1565 = and 2945 = (Fig. 42). 

As shows by Figures 43 and 44, sacrofeuna diversity levels were 
rather constant along the sampled isobaths in both the eastern and western 
regions where these studies were conducted. Additionally, there appeared 
very little variation by depth, at least within the intervals sampled. 


Volume Ii: Technical Report, the 32 anieal groups that ecoounted for 
99.98 of the cotal saecrofeunal collections are discussed individually, 
namely: Porifera, Bydreosoa, Seyphosoa, Actiaiaria, Alecyonaria, 


Seclerectiaia, Newertea, Einorhyneha, Nesatoda, Polychaeta, Oligocheeta, 


#01 


Figure 41. Comparative levels of macrofaunal diversity by region, season, year and selected depth 
interval. 
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Figure 42. Comparative levels of sacrofaunal diversity by depth on the Central Tranmeect, Fall 1984. 
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Comparative levels of macrofaunal diversity along isobaths between the Central and Western 
Gulf of Mexico sampling transects, Summer 1985. 
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Gastropoda, Aplacopbora, Bivalvia, Scapbopoda, Acarisa, Ostracoda, 
Copepoda, Cumacea, Tanaidacea, Isopoda, Auphipoda, Decapoda, 
Pogosophora/Vestizentifera, Sipuncula, Priapulida, Bryozoa, Brachiopoda, 
Ophiuroidea, Echiscidea, Eolothurcides, and Ascidiacea. 

We shall not attempt to summarize these results herein, but refer the 
reader to that voluse. However, a few comments are is order. Of the 18 
groups for which bighest and lowest total transect diversities (i.e., 
number of taxa at all stations on the transect) were figured, 61% had 
their greatest diversity at the East Transect on Cruise IV and 61% had 
their lowest diversities at the West Transect. Likewise, of the 26 
macrofaunal groups for which sean transect densities were calculated, 54% 
of the groups bad their highest sean transect densities at the East 
Transect on Cruise IV while 56% had their lowest sean densities on the 
West Transect. Another 31% had their lowest densities on the Central 


Transect on Cruise III. 


4.3 MBEGAFAUNA 
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The segafeuna discussions is Volume II and below, are based upon the 
fish and invertebrate collections sade by trawling. Complete listings of 
the cateh date cas be found in Volume III: Appendices, specifically 
Appendices C3-1 through C}-11. Life history isforsatios (e.g., length- 
weight) was takes for selected species, these raw Gata can also be found 


is Volume III, Appendices C8-1 through CS-26. The life bistory 
isforsatios along with food babit aad distributional data were used to 


prepare species or life history accounts for selected segafaeunal 
invertebrates and fishes. These are provided is Sections 4.34 and 4.34 
(iavertebrates and fishes, respectively) of Volume II. Collectively, 
these data set the stage for the comprehensive synthesis of the fiscal 


year. 
5.3.2 COMM@NITY STRUCTURE AND DIVERSITY 


Im this section we describe the relative abundance patterns of fish 
and invertebrates by transect (« region) cod depth. Based upon previously 
éefined lack of any definitive seasonal or annual patterns, these topics 
60 not warrant special discussion. 


4.3.2.1 Mumerioa) Abundance by Transect 


Megafeunal invertebrates, based upon data from the five cruises, were 
sone four to five tiees sore abundant than fishes on each transect in 


terms of average censity: 


— — 
TRANSECT: West Cemtra) East 
Fish 1222 620 1511 
Invertebrates $035 #62). 1952 
Combined 6267 3241 9565 


iié 


Ths Cestral Tramsect was characterized by the lowest Gensity of segafseuns 
(3281/ba) which was some SOS lower than Geasity cbservet on the Western 
Treassect (6267/ba) and caly about one-third of the dGeasity found for the 
Eastern Tramsect (9463/ha). 


4.3.2.2 Bomerica) Mpupéance by Depts 


The total and sean densities (suaber per bectare) of desersal fish 
anc iovertedrates are presented by Cepth istervals on the three sajor 
transects is Table 6: Sote that there are six depth istervals degicsing 
with 326-823 = and ending with 2100-2855 = on each of the three sajor 
transects. The sumber of stations within each depth interval are sot the 
same ic the three transects. For instance, is the case of the 328-423 = 
interval, there are three stations on the West end Central Transects and 
five on the East Tramsect. ence is the case of fish on the Vest Transect 
the sum of the densities at the three stations was 476 with an average 
nuaber of individuals of 159/he. Three sajor poists stand out very 
clearly: .!) the densities of the invertebrates are consistently the 
larger, (2) densities are highest on the Eastern Transect and lowest on 
the Central Transect as described above, and (3) the densities tend to 
érop at and below the 1550 = isobeth. A similar pattern was found for 
gany of the sacrofeunal groups. 


4.3.2.3 Species Diversity by Region and Depth 


Species diversity (8* aad suaber of species) of segafaunal 
invertebrates and fishes, by region and depth, are presented in Figures 5 
through 47, and 48 through 50, respectively. For invertebrates, there 
were 50 clear trends ia the diversity iadex by depth sor were there any 
apparent substantive differences in lavertebrate diversity among the three 
regions. Using 30 species as a reference point, 80% of the collections 
taken on the Central Transect bed fewer than 30 invertebrate species 
whereas only about 30% of the collections on both *** "astern and Western 
Transects had fewer than 30 species. At least part «i this difference is 
attributable to sore samples being taken at depths below 1250 @ on the 
Ceatral Transect than on either the Western or Eastern Transects. Depths 
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Table — Densities (isdividuals per bectare) of segefaunal 
invertebrates anc Gemersal and benthopelagic fishes at six 
éGepth istervals on three sajor transects. (Tot. = Catch 
aijustes by dottom trawl and trawl size; CPE = Density/trawl 


Mean 
. 2030 2 
CPE. 159 «+ 299 « 141 * we wé * 
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Figure 45, Species diversity and oumber of species of megafaune 
invertebrates for the Eastern Transect, Cruises i-v. 


AVAILABLE 


119 


Diversity of Imwertebrate Species on the Central Transect 


Sep (a) 


Nuaber of Lavertebrate Species on the Central Treneect 


Figure 46. Species diversity and quaber of species of segafauna 
invertebrates for the Central Transect, Crusies I-v. 


i120 
Diwersity of Lewertebrate Species om the Western Trensect 


+ {lk | 
|| : 
— —— — — ———⏑ — 
‘=o. a2 > om 57D sen 
— died 


Suaber of Lewertebrete Species on the Veetern Traneect 


Sad 


9 ~ — — ere e— — 
Fo —_— eh 6, oe ee el le, oe. ee, ——— 
Deets 


Figure <4). Species diversity end quaber of especies of segel eure 
lewertebrates for the WVeetern Treneect, Cruises i+’. 
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Figure 46, Species diversity end quaber of epectes of flehee for 
the feetera Treneect, Creteee tt, 
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Figure «9. Species diversity ead qumber of especies of flehes for 
the Contral Trensect, Cruises I-v. 
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Figere %O. Species diversity and sumber of species of fishes for 
the Weeters Treneect, Cruiees I+’. 
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below 1250 @ appeared characterized by fewer species than stellower 
éepths. 

Exasisation of the fish diversity data suggests a declise is 
¢iversity as well as sumber of species at Gepths exceeding 1250 = (Figs. 
86 through 50). There were no obvious differences in fish diversity azong 
the three regions. 


4.3.2.5 Bathymetric Zonation of Mesafauns 


The results is the first two Annual Reports emphasized vertical 
zonation discussions érawing upon data from Cruises I through III. The 
preliginary conclusion was that a case could be sade supporting the 


zonation scheme proposed in the Terfco baseline (Pequegnat 198). 


Cluster Analyses 


The data derived from Cruises IV and ¥ have provided support for «a 
conception presented in earlier reports as to bow faunal assemblages are 
distributed over the upper and siddle portions <f the continental slope. 
For the past several years, oceanographers have differed as to whether or 
not benthic anisals are arrayed on the slope in discernible vertical bands 
or sones. Although there is general agreement that the composition of the 
faunal assemblages changes with changes in depth, there are those who 
believe that the so-called sones are artifacts of sampling, i.e., that the 
ligits of the sones are wholly related to the depths at which sampling was 
done. One sust point out, however, that Baedrich et al. (1975, 1980) 
identified four faunal sones on the 0.5. North Atlantic slope, and in 1983 
Hecker et al. in an MMS report designated five faunal cones on the sane 
Slope. In the same year, Pequegnat (1983), again in an MMS report, 
identified five sajor cones on the slope and rise of the Gulf of Mexico. 
More recently the 1966 report on the MMS study of the 0.5. North Atlantic 
benthic fauna carried out by Batelie, Lasont-Doherty, and Woods Hole 
contains descriptions of six faunal sones on the slope. These findings, 
which are based upon both classification and ordination analyses, reveal 
that the replacement of species with depth is sot unifors. In other words 
the "rate of replacement® is not the sage on 411 vertical aspects of the 
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slope. <Accoréingly, one say regard tomes as being large areas of 
relatively small faunal change with depth that are separated by szaller 
areas where the rate of exchange of species is high. These separations 
have been referred to as "breaks", but this is not a wholly acceptable 
term Decause it tends to ignore the fact that few or sany taxa say be 
Shared between seighboring tones. 

It was reasoned that if this concept of zones is correct, then there 
should be far fewer exchanges of faunal species sampling along iscbaths 
thas sagplicg up or downs the slope. And, by the same token, sagpling 
along successively deeper isobaths should show increasing degrees of 
éifference when compared with the saaples from the shallowest iscbath. 
Thus, it was decided te trawl isobathysetrically om consecutively deeper 
isobaths along two transects, samely, the East Tranmsect during Cruise IV 
(Fig. 51) and the West-Central Transect during Cruise ¥, as shown is 
Figure 52. Note that Stations £1, ta, 1b, and tc are arrayed slightiy 
above or below ope iscbath at a depth of about 350 =, whereas 2, 24, etc., 
and 3, 3a, 3b, ete. are on isobaths having depths of about 625 and 640 a, 
respectively. Somewhat the same depth relationships were established os 
the West-Central Transect but the trawling tended to stray off the isobath 
to a greater degree than on the East Transect (Fig. 52). In particular 
note the large depth ranges at Stations WC6 and WC11. 

The WESS similarity measure (Grassle and Saith 1976) was used to 
analyze data derived from Cruises IV and ¥. Figure 53 shows the 
éendrogras that results from the application of NESS to all of the 
megafaunal invertebrates taken during Cruise Iv. There is « clear 
separation of the faunal clusters from one isobath to another. Moreover, 
the & and EE} series of stations are sore closely related to one another 
thas te the £1 series. The separation of Station E2E from the others on 
the isobathresults from the fact that it lacked a few species and bad 
others in reduced sumbers as compared with other stations on the isobath. 
This gave it « pattern that resembled those sore typical of the £3} depth 
series. Essentially the same sajor clusters cocour when the fish data are 
analysed (Fig. 54), but there are some differences in station pairings. 
Hote, however, that ia the £1 series of four stations that £1, 18, and iC 
are closely related and Eid is the outlier is both figures. in the £2 
series Stations E28, 2C, and 2D are clustered together with £2 as an 
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Figure 5). The range of depth (length of vertical lines) covered by 


trawling teobathymetrically as nearly as poesible “ 
along three “horizontal transects” of increasing depth 
(El to £3) im the Eastern sampling area. 
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Figure 52. The range of depth covered at individual stations by 
trawling isobathymetrically as nearly as possible along 
three “horizontal transects” of increasing depth in the 
West-Central sampling «rea. 
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All tovertebrates taken by trewl from the 15 stations 
of Cruise IV on the Eastern Transect clustered by NESS 
at 30 individuals. Similarity values between pairs of 
stations equal the reciprocal of the values given at 
the top of the figure. The sajor iscbathic clusters 
are easily separated. Outlier stations such as ELA 
result less from depth than from sampling. 
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Cruise TV on the Eastern Transect clustered by HESS 
at 30 individuals. Comperieon with tovertebrate 
clusters ts Figure 5) shows « high level of 
similerity. 
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outlier is both figures. The £3 series of five stations is such sore 
tightly clustered for isvertebrates than fishes and the pairings Go differ 
except that Stations EJA and ESC are tightly clustered is both, although 
with <ifferest partoers. 

The denérograzss (NESS) for Cruise ¥ invertebrates and fishes is the 
Vest-Cestral regics, as shown in Figures 55 an¢ 5%, again show « tendency 
tewardé isobathic clusteriag with two sajor clusters, esch of which is 
subdiviced iste two. Reference to Figure | (sap of stations) and Figure 
52 shows that ise trewling was sot carried owt as effectively bere as of 
Cruise Iv. Stations are closely clustered where the range between the 
Shallowest and deepest parte of the saupliog was 70 a or less. In the 
case of WCE, the range was over 240 =. This depth difference will set 
always sake such difference unless it crosses « sone of species flex. The 
clesters Gerived from the tevertebrate and fish data are remarkably 
Similar. WSote, for example, that is both Figures 55 and 5 Stations WC! 
and WCS are paired and Stations WC2, 4, 7, and § forse « cluster, as 60 WC} 
and 9 apd WCli and 12, and in both WCIO is an outlier. It is only Statice 
WC6 that shifts ite positions, clustering with the deeper Lovertebdrate 
stations and the shallower fish stations. This reflects the fact that on 
the West-Ceatral Trassect iavertebrates are sore abundant at deeper 
stations and fishes at shallower stations. Thus, it would appear that 
éuring the vertical transect of 240 = (fron 54%} te 783 a) ia the case of 
trawliog at Station WC6, relatively sore fishes were taken at shallow 
depths and sore iavertebrates during the deeper part of the beul. This 
suggests that « critical somal change cocurs somewhere between 540 and 750 
s depth. 

WESS (Normalised Expected Species Shared) analysis was applied te aii 
of the segefeunal Lavertebrates taken by trawl during Cruise IIt on the 
Ceatral Trensect, and Cruises IV and ¥ on the East and West-Ceatral 
Trameects (Fig. 57). There is very evident isobathic clustering, duet 
Stations CO and C10 stand apart. Reference to the eruise log for Cruise 
ITI revealed that is beth cases the trawl] was filled with « buge aud lvap 
that prevented proper sampling. In spite of the inclusion is the NESS of 
some stations where the trawling was sot successful, there are sone 
reasonably good clustering with possibile sonal separetions. Stations © 
and Cll tend te reflect the Mescabyssal. Stations WC!, HB, Ec, Ei, fra, 
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Figure 55. 
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Figure 56. 
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All fishes taken by trawl from the 12 stations of 

Cruise ¥ clustered by NESS at 30 individusls. Comparison 
with the dendrogras of Figure 55 shows that U6 is 
the only station that shifts position between the two 
major branches. Otherwise sote Wl and 5, and WLl and 
12, ete. are wery eletler. 
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. All tewertebrates from Cruises TIT (Central Treneect), 
TV (Beet Treneect), end V (Weet-Ceetral Treneect). 
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Ci, ané UCS compare well with the Shelf-Slepe Tressitics. Mest of the 
mist of the staticgs appear te be borisoes of the Archibestbal Ione with 
the exceptions of Stations C4, Ch, UCI!, ame UCI2, whick are very likely 
Upper Abyssal, as their species lists alec Genonstrete. 


Chi-Square Analyses 


As & seams of Getectiag feunal bowntaries, we etilized the cbi- 
equereé analysis sethod Gevised by Backus et a). (1965) and eaplered sore 
recentiy by Gage (1906) is exanicing bathyeetric sonetion of the benthic 
foeuss is the Bockall Trough south of the Vyville Thessese Pidge. Ie 
essence the sethoté uses presence/absence Gata te plot the eletributios or 
the sue of firet-ples-last captures at between-stetion Letervals oe « 
transect baring & greéiest of isereassing Gepth. If tedeet the sonal 
concept is an acceptable way of Geseribing bethyswetric Clistribwticos, where 
aress of faunal bowogeneity are separated by Garrow regions of species 
change, thes the cocurresce of upper aed lower lisits sheeld ccocur 
concurrestiy sore frequestiy than expected on the basis of chance. In the 
preseat preject comparisons were sete between expected values for 
Ooliection intervals and those sctually cbeerved using the chi-square test 
and obtalaing probability levels. The chi-squared vralees, which can be 
thought of as ieéices of faunal change for each Gepth ieterval, are thes 
plotted against Gepth on the abeisss. Peaks is the graph saerk depth 
ietervals of saxies is the rate of faunal change. Valleys os the graph 
are isterpreted a8 belag relatively bowogeneces, © fact that our 
isobethymetric sempling tended to Gemonstrete. 

The chi-squared analysis of the distribution of fish species together 
with species reeruiteest curves are shows is Figures 58 throws 6). 41) 
of the peaks above the alphe lise are significest ae Ledicaete cept 
intervals of high species flex. Is ether words, they sark the Gepte- 
location of bewedaeries between cones. The valleys of the other bane 
position the senes where the species composition of the slope is wnifors. 
On the Ceotral Trameect there are strong peaks at Gepthe around *50-55° a, 
675-750 =, 1000 @, eané 2200 @ (Fig. 59). These are clese te those 
designated as feunal breaks for the sorthers Gulf of Mexico by Pequegnet 
(1983). Sete the correspeediag epeweeps ia species suabers is the 


133 


hu! re ee. oe ee, oe ee, ee ee ————— 
— 
Tigere +4. Species recruiteest corwe fer [leh epectes teben ot a1) 


etetions of the Coetral Treneect. 


J Cot eqeares fer 


1223 


— 


— 


— 
I ee x ä x ä xx äæ lel lm... dh rd dU. ————— 
a 


Tigere ©. Species recrwiteest cerwe fer fish epecies trewled on the 
Weetere Treneect. 


‘=e (se (70 sae fe mee re ta 
ene (a) 


Pigere 61. Cht-equered walees for fleh epectieos teben on the Veeters 
Tranmsecc. 


Bamber of Spores 
— ————— — * — te 


Figure 6). 


Species recruiteent cervwe for filet spectes traewled on 
the Eestern Traeneect. 


Chet equare fer sigtes O75 


vw - 7 - 7 


"416 170 1900 170 seme gro moo re fom 
Sep (a) 


Chi~-equered values for fish epecies taken oo the Lesters 
Treneect. 


138 


recruitsest curve is Figure 58. Chi-squared and species recruitsent 
values for fishes on the Western Transect are shows is Figures 60 and 61. 
Agais there are peaks around 450, 700, and 1000 s, and deeper, but the 
latter depths are sot reliable because of the lisited amount of sanpling 
at deeper depths on this transect. For the Eastern Transect, pears occur 
arouse 300, 500, 1000 asd 2000 = (Fig. 63); agaic, little sasgpling 
cocourred at depths at or greater thas 1000 sa. 

Results for the invertebrate chi-square analysis are preseated is 
Figures 64% through 69. ‘The chi-squared analysis of invertedrate species 
om the Central and Western Transects differs from that for fishes on these 
transects is that only one sajor peak is found os each treascect. On the 
Ceatral Transect the sajor peak iies betwees 850 and 1050 = depth, with 
sinor peaks at 650-700, 1350, and one beginning at 2250 a (Fig. 65). The 
recruiteent curve shows a weak increase at 625-650, a strong one at TTS a, 
one beginning at 1000 =, and others at 1500 and 2800 = (Fig. 64). 

The invertebrate chi-squared values on the Western Transect are such 
more clearly defined than those on the Central Transect at depths less 
than 1300 = (Fig. 67). The first peak is at 450 a, followed by a very 
strong one between 700 and 750 a, a smaller one at 1000 = and another sear 
1300 =. The very lisited sampling at depths greater than 1250 or so & on 
this transect sake further analysis unreliable. The species recruitsest 
curve has very pronounced increases that aid one in interpreting the chi- 
squared valves (Fig. 66). 

For the Eastern Transect, the sajor faunal discontiouities are 
indicated for the 500 and 625 to 750-m depth zones (Fig. 69). The species 
recruiteent curve bas the sost pronounced increase at about 625 = (Fig. 


68). 
5.3.3 MAJOR INVERTEBRATE GROUP DESCRIPTIONS 


The data obtained for each of the sajor invertebrate groups collected 
by trawling and fishes are sot treated bere, but are discussed is volume 
Ii. 
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Figure 64. Species recruiteent curve for invertebrate species traviled 
from the Central Transect. Compare with Chi-square valves 
below. 
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Figure 65. Chi~equared values for invertebrate species travled from 
the Central Transect. 
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Figure 66. Species recruitment curve for all tavertebrates trawled 
on the Western Transect. 
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Figure 67. Chi-equared analysie of invertebrate species trawled on the 
Western Transect. 
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figure 69.  Chi~equared analysis of invertebrate species trawled on the 
Eastern Transect. 
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5.0 SENTEIC PHOTOCRAPEY RESULTS * 


41} 60 stations were sampled by deerte re photagraphy at Gepths ranging 
betwees 278 ané 2693 =. Overall, « tetal of appreziasately 48,000 
photographs were chtaiset. From these, « total of 9147 representing « 
bottes ares of 24,590 «* were quantitatively analysed for presence of 
dicta. A tetal of 2321 of these frames were aleo further processed to 
Quantitatively Gescribde a1) setisentary features left by the sovenests of 
esisals. The keowledge of the scale of photographs allewed the 
isterpretatios of the ares of the betteos shows is each photegrapt as « 
quecrat sanple of the survey site and sate possible the seasurenent of 
lengths or areas of various features and dicta. 

Lebensspures (i«., life traces), were the gost sbundent features of 
all photographs. A total of 9,272 individual lebensepuren features were 
Gocunented. Figure TO illestrates total lebensepures Gensity for Cruises 
TI and ITI. Maxieus lebensspures Gensity of 182,468 feateres/ba (16.2/ 0") 
was observed at Station W! Guring Cruise Il. Lebensepures Gensity ranged 
from this saxieus to « siniaus of 16,2%2/ba at Station CB Curing Cruise 
Tri. 

The gost susercus single category of lebenesperes was “solitary 
depressions", representing burrows of various animals. During Cruise ITI,” 
the density distribution of these features was siaiiar te that of tetel 
lebensspures with « saxious at Station C} at 6 @ (128 454/ha) Cropping 
te & @inieus at Station CS at 1098 «@ (8817/ha). 

In general, lebensepures resulting froe sedentary activities (1.«., 
éwelling or resting activities) greatly cwtewsbered those resulting free 
mobile or grazing ectivities. 

Abundance of sost segafeuna taxa recorded with benthic photography 
was low. A total of 20,755 individwal anieals were recorded from the 55 
stations analysed quantitatively (Cruises Ii-¥). <Approxi@ately 190 
éifferest taxa were represented. Some identifications were sede at bight 
taxonomic levels (e.g., families) but sany groups wre identified te the 
species level. 

Figure 7! illustrates tetal bicta density for Cruises 1i-¥. Overall 
pegefeuna density from a1] 55 stations combined was 8499 aniaala/he. Mean 
Gensity of biota was generally low at shallow stations and et stations is 
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Figure 71. Tetal diets density (roe benthic photography by Station, 
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water Geeper thas 2000 &. The depth range isterval between 1000-7000 = 
Showet the highest seat Gensity ty sore thas « factor of five compere’ to 
the cest highest Gept® isterval of 505-1000 a. 

Readers of recogeisa=le tame ts benthic photographs were wery low ie 
coepertioce te other saxieus cueber of taxes was 
recertet et Sité-Cepts stations is the septh iscresent of $00-1009 «a. 


tation WCE seapled Guriag Creiee F ot « Gepth of S52 & resulted te 3% 
tems, the lLergest cueber free « single stetion. 
by the eee of custeoe Cigiticiag preeeteres, length or ares 


seaserements of 16,377 anleale were obteleet. These Gete supplenentet 
biete searerenents obtained free trevl seeples ant ts sone cases were the 
only tefereetion Goounenting the presence of wery significant segefeuns 
tame ot stetione. 

One of the soet significant results froe besthic photagrapty senpl ing 
wes ite coetrast with resulte free trewling. Megefeune Geasitios ohtaloet 
free beathic photography greetiy exeeeted those citaloet free trewling 
wit® vertetions Le seme cases being Sore thee four orders of sagnitedce. 
Figure 72 Geplets Gensity comparisons between benthic photography anc 
trewl seepling free Creise IIL. Tetal segefeuns Gensitios free beothic 
photography exceeted that of trawling et 411 Cruise Ill stetions ¢iffering 
by ©© lees thas « factor of five (at Station Ct; 769 saleale/he and 
'S4/be, reepectively). 

The @resetico ¢ifferesces between beethic photography an¢ trewi 
Gensitios ie seme cases was Gee te & eeall Beletbereci¢, Peplagone *>- 
This ergesies was very ebuetent te Cruise Til seaples. It coouerred at 
extreeely bigh Geasitios et several stations, bet was sever taken by 
trawling. Pepiagone op. wee the soet shuntant orgenion et 411 60 stations 
seepleé by beathic photography, bering e peak Gensity of 154,669 
iedividwslae/bhe et Station CP oe Cruise Til. Figure 7) Lilestretes the 
density distribution of this taxes eed length distribution of the 10,58! 
eeapurenents that were Gitalinet’. The biewass represented by this single 
orgenion would be substantial aed « very significant prepertion of the 
tetal biewaess ie the areas where it coourred. 


Figure 72. 
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